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ABSTRACT
The mere exposure effect, positive affect elicited by exposure to a previously 
unfamiliar stimulus, is considered one of the most well established findings in the 
psychological literature. Yet its mechanism remains unknown. In Experiments 1 - 5, 
memory encoding was examined to determine whether the mere exposure effect was a 
form of conceptual or perceptual implicit priming, and, if not either, whether 
cardiovascular psychophysiology could reveal its nature. Experiment 1 examined the 
effects of study phase level of processing on recognition, the mere exposure effect, and 
word identification implicit priming. Deep relative to shallow processing improved 
recognition, but did not influence the mere exposure effect or word identification 
implicit priming. Experiments 2 and 3 examined the effect of study–test changes in 
font and orientation, respectively, on the mere exposure effect and word identification 
implicit priming. Different study–test font and orientation reduced word identification 
vii
implicit priming, but had no influence on the mere exposure effect. The combined 
results from Experiments 1-3 suggested that conceptual and perceptual processing do 
not drive the mere exposure effect. Experiments 4 and 5 developed and used, 
respectively, an innovative cardiovascular psychophysiological implicit priming 
paradigm to examine whether stimulus-specific cardiovascular reactivity at study 
predicted the mere exposure effect at test. At encoding, stimulus-specific peripheral 
vasodilatation had predictive value for the mere exposure effect, but not for word 
identification implicit priming. Experiments 6 and 7 examined whether sustained or 
transitory anxiety (i.e., trait or state, respectively) would influence the mere exposure 
effect. Greater trait and state anxiety reduced the mere exposure effect. Together, the 
findings from these experiments (N = 362) identify a novel affective mechanism of 
implicit priming that is influenced by cardiovascular psychophysiology and variations in 
trait and state anxiety. 
viii
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1CHAPTER 1: Introduction 
21.1 Exposure–affect hypothesis 
The hypothesis that there would be a change in affectivity toward a stimulus upon 
repetition dates back to the very origins of scientific psychology itself; the first study was
conducted by Gustav Fechner in the 1870s. To test this hypothesis, Fechner varied 
the repetition of musical segments under two conditions (i.e., distributed or massed) and 
measured the effect on pleasantness. Based on the results, he proposed the principle of 
the ascending effect: “With a continuous (or repeated) stimulus, the affective value 
increases up to a certain limit which can be designated as the ascending effect—if the 
stimulus is continued or repeated past the point of optimum affectivity, its value is 
lessened—unless there is an intervening time interval” (Fechner, 1876, pp. 240-243). 
Fechner was best known for experiments that described mathematical relationships 
between the more typical attributes of physical stimuli, such as balance, angularity, 
and complexity. However, the same methodology was used to analyze the relationship 
between repetition and affect: quantification of the connection between the observable 
world and individuals' experience of it (i.e., psychophysics). It was this methodology that 
allowed identification of the non-linear relationships between psychological sensations and 
the physical intensity of stimuli, known as the Weber–Fechner law. Establishing that the 
mind was susceptible to measurement earned Gustav Fechner a place in history with 
Wilhelm Wundt and Hermann von Helmholtz, who were recognized as the founding 
fathers of modern experimental psychology (e.g., Fancher, 1996).
The exposure–affect hypothesis can be traced back to other influential thinkers 
over the years (James, 1890; Maslow, 1937; Pepper, 1919; Titchener, 1910). Support for 
3the hypothesis was primarily based on correlational data: there is a greater association 
between frequency of use in language and positive valence words, high prestige 
occupations, preferred locations and objects when compared to their negative or 
unpreferred counterparts. 
Zajonc (1968) was the first to formulate and test specific and empirically 
verifiable versions of the ascending effect finding: mere, minimal, and unreinforced 
exposure of stimuli would increase positive affect. Mere exposure was defined as “a
condition which just makes the given stimulus accessible to the individual’s perception” 
(Zajonc, 1968, p. 1). The initial experimental methodology described to test this version 
of the exposure–affect hypothesis controlled for the possible confounds of word meaning, 
word association strength, and word–exposure interaction: Turkish words (referred to
as nonsense words for English speaking participants) were used for stimulus materials 
and counterbalanced against six exposure frequencies (0, 1, 2, 5, 10, and 25). After being 
told that the experiment involved pronouncing foreign words, participants listened to the 
experimenter pronounce each word, read the words aloud themselves, and rated the words' 
meanings on a 7-point (0 to 6) good–bad scale. Greater goodness ratings were obtained for 
frequently exposed nonsense words relative to words exposed less frequently. To control 
for the possibility that ease of pronunciation confounded these results, the same method 
was used with nonverbal stimuli, Chinese characters. A change in affective response as a 
linear function of the logarithm of frequency was observed for both verbal and visual 
stimuli (see Figure 1.1). These results were still considered inconclusive, because a 
subsequent observation revealed that antonyms for negative words were abundant but were
4almost nonexistent for positive words. This observation suggested that the superiority of 
good over bad ratings may have been caused by a greater number of good relative to bad 
items distributed among the totality of all available items (i.e., words) in the population,
rather than by differences in exposure frequency. To eliminate this additional possible 
confound, the good–bad scale was replaced with a 7-point liking rating scale. Using the
same six exposure frequencies, the results revealed the same linear log-frequency-attitude 
relationship. Zajonc referred to this increase in positive affect toward a stimulus 
contingent on its exposure frequency as the mere exposure effect. Future experiments
typically measured the effect by affective preference for previously exposed stimuli 
above chance or by greater affective preference for exposed versus baseline stimuli
(reviewed in Butler & Berry, 2004; Moreland & Topolinski, 2010). 
During the forty years of research that followed these seminal investigations 
(Zajonc, 1968), the mere exposure effect was observed under surprising conditions, with 
exposure durations that were too short to allow consistent conscious identification of 
stimuli at study, and when recognition of the same material presented at study 
approximated chance (Kunst-Wilson & Zajonc, 1980; Seamon, Marsh, & Brody, 1984). 
Also, unlike performance for recognition memory, a greater mere exposure effect was 
observed when participants were unaware of the exposed stimuli (e.g., subliminal 
presentations reported only as flashes of light) than it was when participants were aware
of the repeated exposures (Murphy, Monahan, & Zajonc, 1995; Seamon, Brody, & Kauff,
1983). Consistent with these findings, the mere exposure effect was reported to dissociate 
from recognition memory in amnesic, neurological, and neuropsychiatric groups (Greve 
	   5	  
 
& Bauer, 1990; Johnson, Kim, & Risse, 1985; Marie et al., 2001; Marin-Garcia, Ruiz- 
 
Vargas, & Kapur, 2013; Willems, Adam, & Van der Linden, 2002). The effect was  
 
produced with exposures that were subliminal, when recognition was at chance, and in  
 
the presence of dissociations with recognition, so it was referred to as the nonconscious  
 
mere exposure effect (Seamon et al., 1995). 
 
 Over 250 publications have reported that the “mere exposure” of a previously  
 
unfamiliar stimulus reliably elicits increased liking toward it—a finding observed in  
 
diverse cultures, in a variety of settings, and across the phylogenetic scale (reviewed in  
 
Bornstein, 1989; Butler & Berry, 2004; Harrison, 1977; Hill, 1978; Moreland &  
 
Topolinski, 2010). Yet the mechanism underlying the mere exposure effect remains a  
 
matter of dispute (e.g., Harmon-Jones & Allen, 2001; Hicks & King, 2011; Hupbach,  
 
Melzer, & Hardt, 2006; Kongthong, Minami, Nakauchi, 2014; Lee, 2001; Topolinski,  
 
2012; Willems, Dedonder, & Van der Linden, 2010; Zebrowitz & Zhang, 2012). As a  
 
consequence, there is no widespread consensus with regard to its placement in a  
 
theoretical framework (reviewed in Butler & Berry, 2004; Moreland & Topolinski,  
 
2010). 
 
 An evolutionary-based affective mechanism was first proposed to explain the  
 
mere exposure effect (Zajonc, 1968, p. 19). To drive the mere exposure effect, it was  
 
posited that the initially exposed stimulus must be unfamiliar or novel (Phase 1), evoke a  
 
reflexive fear reaction (Phase 2), and be repeated in the absence of threat (Phase 3). The  
 
outcome was the experience of positive affect (Phase 4), a natural consequence of the  
 
attenuation of fear. The increased liking elicited by repetition of a novel, unreinforced  
6stimulus was also described as driven by automatic and unintentional processing that was 
independent from cognitive evaluation (Zajonc, 1968, 1980, 2001). 
1.2 Repetition and processing fluency hypothesis 
For over a century, the exposure–affect relationship was considered an emotional 
phenomenon, although the details of the evolutionary-based affective mechanism never
received widespread support. Then, in the latter part of the 1980s, the affective dimension 
of the mere exposure effect was challenged. Unlike prior studies that only used affective 
judgments at test, an experiment was conducted that employed a variety of judgment 
tasks. Results suggested that the mere exposure effect could be produced with judgment 
tasks that were not related to emotional processing (Mandler, Nakamura, & Van Zandt, 
1987).  At study, participants were presented with ten irregular octagons, five times each 
for 2-milliseconds (ms), in five random orders of ten. At test, these target stimuli were 
paired with distractor stimuli. In the absence of recognition, descriptions of the target   
stimuli (brighter, darker, or liked) were selected at greater than chance levels, with the
only exception being the disliking judgments whose scores did not differ from chance. 
These results were interpreted as supporting a nonspecific-activation hypothesis: when 
exposures to a stimulus are brief, mental representations are activated without a context, 
and, under these conditions, any arbitrary judgment is elicited automatically and does 
not depend on recognition.
In the late 1990s, after a period of almost ten years, the generality of the 
nonspecific-activation hypothesis was tested by comparing exposure effects for brighter 
7and darker judgments with liking judgments under a variety of experimental conditions 
(Seamon, McKenna, & Binder, 1998). These experiments used stimuli with no 
demonstrated pre-experimental difference in affective preference or familiarity, 
conducted exposure–affect trials on a large number of participants, and counterbalanced 
target and distractor items at test. With more rigorous controls and increased power, 
neither perceptual judgments (brighter, darker) nor those reflecting negative affect 
(disliking) resulted in the selection of previously exposed visual stimuli above chance. In 
the absence of recognition, only liking judgments led to greater than chance selection of 
previously exposed stimuli. 
Despite these converse results, a single experiment confirming the nonspecific- 
activation hypothesis conducted on only twelve participants per judgment group
(Mandler et al., 1987) succeeded at removing genuine emotional processing from 
investigations of the mere exposure effect in subsequent experiments up to the present 
time. The many reformulations of the nonspecific-activation hypothesis over the years 
will be referred to here as repetition and processing fluency hypotheses: the mere
exposure effect is driven by the perceptual, conceptual, or motor consequences of a 
participant’s prior experience (Hupbach et al., 2006; Lawson, 2004; Topolinski & Strack, 
2009; Seamon et al., 1995). From this explanatory framework, emotion was either absent 
(e.g., Topolinski, 2012) or played a secondary role, because any affective response 
associated with the mere exposure effect was considered either a misattribution of 
fluency gain to affect (Bornstein & D’Agostino, 1994) or a byproduct of the fluency gain 
8itself (Reber, Schwarz, & Winkielman, 2004; Reber, Winkielman, & Schwarz, 1998; 
Seamon et al., 1995). 
1.3 Mere exposure effect as a form of implicit memory 
In the 1980s, parallels between the mere exposure effect and the properties of 
implicit memory, an emerging new subarea within cognitive neuroscience, became 
increasingly apparent (reviewed in Butler & Berry, 2004). Implicit memory is revealed 
when previous experience facilitates performance on a task that does not require 
intentional recollection of that experience (reviewed in Schacter, 1987). Priming, often 
referred to as repetition priming, was used to describe tests that measure memory 
indirectly and implicitly as the change in speed, accuracy, or bias in response to studied
relative to baseline items. These changes do not make reference to or require conscious 
recollection of specific prior episodes in a participant’s life. By contrast, explicit memory 
tasks ask participants to deliberately remember a particular episode by employing the 
original memory protocols of free recall, cued recall, and recognition (reviewed in 
Wozniak, 1999). 
1.3.1 Two types of implicit priming 
Tests that measure implicit priming have been divided into two categories, 
conceptual and perceptual (reviewed in Gabrieli, 1998). Conceptual implicit priming is 
concerned with processing the semantic information associated with the stimulus (e.g., 
producing category exemplars). Perceptual implicit priming is concerned with processing 
the physical attributes of the stimulus (e.g., identifying words). Experimental
9manipulations of encoding and retrieval conditions can reveal the extent to which implicit 
priming on a task relies on conceptual versus perceptual processes (Roediger, Weldon, & 
Challis, 1989). 
1.3.2 Mere exposure effect and perceptual implicit priming hypothesis 
Across a series of experiments, the hypothesis that the mere exposure effect was, 
in fact, perceptual implicit priming was examined. Systematic variations in stimulus type, 
encoding conditions, number of exposures, and a variety of study–test perceptual 
manipulations impaired recognition, but did not influence the mere exposure effect. The
results from these experiments were identical to the findings obtained for perceptual
implicit priming when compared to recognition, so these investigators concluded that the 
mere exposure effect was, actually, a measure of perceptual implicit priming (Seamon
et al., 1995, 1997). However, exposure effects are more pronounced when obtained
under subliminal conditions than when participants are aware of the repeated exposures
(Murphy et al., 1995; Zajonc, 1980). No parallel finding has been reported for other
implicit priming measures. 
1.3.3 Aligning methodology with terminology 
Initially, for many investigators in the implicit memory subarea of cognitive 
neuroscience, either priming or repetition priming was synonymous with the indirect or 
nonconscious retrieval of a repeated item, a form of memory that did not benefit from 
conscious memory decisions. Supporting this new theoretical approach, dissociable forms 
of memory were observed with typical participants when the same variable enhanced 
explicit memory but did not influence implicit memory; the same was observed with
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neurological and neuropsychiatric groups when implicit memory was spared while explicit 
memory was impaired (reviewed in Gabrieli, 1989, 1998; Squire, 2009). These dissociable 
forms of memory (explicit versus implicit) can only be observed when there is strict 
adherence to constructing study and test instructions that are independent from each other.
Over time, some of the investigators interested in implicit memory used designs 
that encouraged participants to become aware of the relationship between study and test 
items (e.g., episodic priming; Wegesin, Ream, & Stern, 2004). This practice also occurred 
with investigations of the mere exposure effect, even in experiments that aimed to establish 
its mechanism (e.g., Campbell & McKeen, 2011; Hupbach et al., 2006; Lawson, 2004; 
Topolinski & Strack, 2009; Willems et al., 2010). Exempifying this practice is the mere-
exposure familiarization procedure (Campbell & McKeen, 2011, p. 342) used in an 
experiment in which the goal was, in part, to test two alternative explanations for the mere 
exposure effect (increase in positive information versus processing fluency, pp. 338-339). 
The method used in this experiment was fundamentally different from the prototypical 
Zajonc protocol: (a) both positive (p. 342) and neutral visual stimuli were employed during 
the study phase; (b) at the beginning of the experiment, participants were told that social 
evaluation judgments were being investigated (p. 340); and (c) at test, participants were 
asked to make a social evaluation judgment (e.g., whether or not to ask the pictured person
to share their table, p. 343). Because instructions to participants encouraged awareness of    
the relationship between study and test, this experiment was, most likely, an examination of 
conscious preference formation. 
At the very least, it is unclear how to interpret the proposed mechanisms for the 
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mere exposure effect generated by the results from experiments that do not use 
procedures consistent with the prototypical Zajonc protocol while referring to the 
phenomenon produced from these procedures as the mere exposure effect. The authors
of the recently proposed motor simulation mechanism (Topolinski & Strack, 2009) have, 
in fact, articulated this very dilemma when discussing the finding that mere exposure 
effects have been reported when the exposed stimuli are outside of an individuals' 
awareness (Kunst-Wilson & Zajonc, 1980): "However, other mere exposure effects are 
less likely to be based on covert sensorimotor simulations" (Moreland & Topolinski, 
2010, p. 336). It is reasonable to suggest that if the outcome measure is conscious 
decision-making then the phenomenon investigated is not the mere exposure effect.
For the reasons stated above, implicit priming is used here to distinguish this
outcome measure from conscious decision-making that may be referred to as priming or 
repetition priming by other investigators (see Discussion, Experiment 2). Accordingly, 
the phrase mere exposure effect used here is synonymous with the nonconscious mere 
exposure effect. 
1.4 Primacy of affect versus primacy of cognition 
In summary, the essence of the debate over explaining the mere exposure effect 
has not changed over the years: the primacy of affect versus the primacy of cognition. 
The primacy of affect approach is based on the observation that the mere exposure effect 
is elicited with minimal stimulus input and virtually no cognitive processing. Participants 
respond automatically, unintentionally, and affectively to previously exposed stimuli that 
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they do not remember having seen or heard. This finding suggests that affective 
processing is primary, relatively independent from cognitive processing, and mediated by 
a different neurological system (Zajonc, 2001). Its counterpart, referred to here for the 
purpose of clarification as the primacy of cognition, either eliminates affective processing 
all together as an explanation for the mere exposure effect or relegates it to a secondary 
role because processing fluency (perceptual, conceptual, or motoric) is always primary. 
1.5 Purpose of dissertation research 
This investigation examined memory encoding to determine whether (a) the mere
exposure effect could be categorized as a form of conceptual or perceptual implicit 
priming; or (b) if the evidence did not support either, whether cardiovascular psycho- 
physiology, an alternative measure, could provide evidence for a third form of implicit 
priming, affective; and (c) if individual differences in affective processing could be used to 
further support the evidence derived from a cardiovascular psychophysiological approach. 
A summary of the manipulations and outcomes for this dissertation research is presented 
in Table 1.1. 
The mere exposure effect can be viewed as a positive stimulus valence change 
that on a day-to-day basis is cumulative, is internalized as an endogenous emotional state,
and represents a positive affective system that promotes health. This perspective is based 
on the finding that the repeated exposures themselves have a positive influence on an 
individual's general affective state (Monahan, Murphy, & Zajonc, 2000). An under- 
standing of how this system works has implications for behavioral neuroscience: 
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the proposed affective processing underlying the mere exposure effect may be expected 
to differ between specific neurological and neuropsychiatric groups as well as between 
typical individuals that vary on traits associated with affect. 
1.6 Methodology across explicit and implicit memory measures 
In these experiments, the number of stimulus exposures at study and test was the 
same for all memory measures: one exposure for each phase. Also, stimulus on–time 
during study was held constant across tests. These procedural controls were derived from 
the finding that a significant mere exposure effect could be obtained with only one
stimulus exposure at study and a single repetition at test (Stone, Ladd, & Gabrieli, 2000).
1.7 Methodology for the mere exposure effect measure 
The methodology used to produce the mere exposure effect in this dissertation 
research is based on (a) the protocol pioneered by Zajonc (1968), (b) its evolution over 
his research years (Kunst-Wilson & Zajonc, 1980; Murphy et al., 1995; Zajonc, 2001), 
and (c) related protocols in behavioral neuroscience that established the effect as a form 
of implicit priming (Marie et al., 2001; Marin-Garcia et al., 2013; Seamon et al., 1998; 
Willems et al., 2002). From this perspective, two methodological requirements for a 
prototypical mere exposure effect protocol are described in regards to stimulus properties 
and the perceived relationship between study and test stimuli. These requirements for a 
prototypical mere exposure effect protocol were fulfilled in this dissertation research by 
the use of nonwords as stimuli and dissociated study–test instructions. 
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1.7.1 Stimulus properties 
During encoding, the stimuli must be novel and devoid of meaning so that only 
exposure elicits affect (e.g., exposure–affect hypothesis), rather than exposure combined
with affective properties inherent to the stimulus. This requirement is derived from 
Zajonc's observation that the mere exposure effect occurs after an emotional reaction is 
produced by a first encounter with a novel stimulus (1968, p. 20). In his seminal
experiments, he used nonsense words and Chinese characters to insure that it was the 
initial stimulus exposure rather than properties inherent to the stimulus that produced the 
emotional reaction. Stimuli that have inherent affective properties confound the 
independent variable of exposure and reduce the strength of its signal; meaningful words 
(Butler, Berry, & Helman, 2004) and photographs of faces (Zebrowitz & Zhang, 2012, 
 pp. 6-7) are unable to elicit a reliable and significant mere exposure effect.
1.7.2 Perceived relationship between study and test stimuli 
The mere exposure effect protocol requires that participants have little or no 
awareness of the relationship between study and test stimuli. This requirement is derived 
from Zajonc's surprising finding that subliminal stimuli exposed at encoding can produce 
the mere exposure effect at retrieval (Murphy et al., 1995; Zajonc, 1980). When
mere exposure effect protocols use stimuli presented above recognition threshold, this 
requirement can be fulfilled by instructions that dissociate study from test: no reference 
during study to a subsequent test or that stimuli will be repeated and no reference during 
test to the study list. Zajonc used dissociated study–test instructions with subliminal and 
supraliminal stimuli, even though he did not articulate this practice (Kunst-Wilson & 
15
Zajonc, 1980; Zajonc, 1968). These requirements were clearly described, however, when 
implicit memory emerged as a subarea within cognitive neuroscience (Schacter, Bowers, 
& Booker, 1989). 
1.8 Cognitive processing: Overview of experimental questions and results 
Conceptual and perceptual influences were examined by applying study-test 
manipulations and classifying implicit priming as conceptual or perceptual based on 
study phase semantic level of processing (LOP) and study–test changes in physical form, 
respectively (Roediger et al., 1989). Using this criterion, Experiment 1 was designed to 
determine whether the mere exposure effect should be classified as a conceptual implicit 
priming test. Deep processing relative to shallow processing enhanced recognition, but 
did not influence the mere exposure effect. The dissociation between recognition and the 
mere exposure effect was observed with a conceptual study phase manipulation when
both tests employed the identical meaningless letter strings (e.g., nonwords). The dissoc-
iation between recognition and the mere exposure effect was almost identical to that
observed for word identification implicit priming, a measure that used semantically
meaningful stimuli, words. This finding suggests that the mere exposure effect is inde-  
pendent from cognitive evaluation and supports its classification as a form of implicit
priming (e.g., Seamon et al., 1995, 1998). However, it does not rule out the possibility 
that the mere exposure effect is perceptually driven. Using the same Roediger criterion, 
Experiments 2 and 3 were designed to determine whether the mere exposure effect
should be classified as a perceptual implicit priming test. Different study–test font and
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orientation reduced word identification implicit priming, but had no influence on the 
mere exposure effect. These implicit memory dissociations between the mere exposure 
effect and word identification implicit priming do not support the proposal that the mere 
exposure effect is perceptually driven. 
1.9 Affective processing: Overview of experimental questions and results 
Experiment 4 assessed the utility of using a peripheral measure during encoding 
to observe whether a unique form of processing may be driving the mere exposure effect. 
An alternative approach to understanding processes underlying implicit priming effects is 
psychophysiological measurement. Such measurements have been used during the 
retrieval stage of the mere exposure effect, including electromyography and electroen- 
cephalography (Harmon-Jones & Allen, 2001). The peripheral measure selected for utility
assessment was cardiovascular reactivity. This peripheral measure was selected because
cardiovascular responses have been used to investigate emotional processing (reviewed in
Kreibig, 2010; Kreibig, Wilhelm, Roth, & Gross, 2007; Rainville, Bechara, Naqvi, 
Damasio, 2006; Stephens, Christie, Friedman, 2010), are autonomic responses that can
operate outside conscious awareness (Berntson, Quigley & Lozano, 2007), and have not
been previously used with the mere exposure effect. 
 Cardiovascular psychophysiology, the recording of cardiovascular responses 
during behavioral research, is based on the premise that cardiovascular responses differ in 
direction and magnitude contingent on stimulus characteristics, but they remain sensitive to
the specificity associated with individual response patterns (Cacioppo, Tassinary, & 
17
Berntson, 2007). The responses that are typically used with cardiovascular 
psychophysiological paradigms are heart rate (HR) and blood volume pulse (BVP), a 
measure of vasodilatation and vasoconstriction; BVP relative amplitude is inversely 
correlated with HR (Cowings, Kellar, Folen, Toscano, & Burge, 2001; Cowings & 
Toscano, 2000; Cowings et al., 2007). 
In Experiment 4, a positive relationship between affective preference ratings and 
vasodilatation differentiated between two stimulus conditions designed to provide 
minimal conceptual and perceptual content (monitor and static visual displays). However, 
cardiovascular stimulus-specific changes were not observed for HR. To obtain a 
measurable treatment effect within the constraints of an implicit priming protocol these 
findings suggested that BVP, rather than HR, had utility for providing the requisite 
minimum level of cardiovascular variance. Also, distinct cardiovascular changes are 
measureable within a few seconds of stimulus onset, allowing precise quantification of 
event and no event (baseline) conditions within an implicit priming paradigm. 
Based on these findings, Experiment 5 developed and implemented a cardio- 
vascular implicit priming paradigm to examine the encoding stage of the mere exposure
effect. Research investigating a variety of responses at encoding has advanced our
understanding of the neurobiological mechanisms underlying explicit or declarative 
memory (e.g., Davachi & Dobbins, 2008). This suggests the utility of examining a 
peripheral measure during the encoding stage of the mere exposure effect. Most 
experiments conducted on the mere exposure effect have exclusively focused on its 
retrieval stage (reviewed in Butler & Berry, 2004; Moreland & Topolinski, 2010). 
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At encoding, stimulus-specific increase in BVP (vasodilatation) had predictive 
value for the mere exposure effect, but not for word identification implicit priming. BVP 
increase at study was significantly greater for nonwords that were later preferred, relative 
to nonwords that were not preferred at test. There was no difference in BVP change for 
words at study that were later either identified or not identified at test. The relation of BVP
to affect suggests that an affective process that is not conceptual or perceptual contributes
to the mere exposure effect. 
Because increased BVP or vasodilatation is the reciprocal of decreased HR 
(bradycardia), the novel stimuli presented during the study phase may elicit a reflexive 
orienting response (OR). The OR is described as increased attention toward a novel 
stimulus that is accompanied by a decrease in HR (reviewed in Bradley, 2009), a response
that attenuates upon repetition (Graham & Clifton, 1966; Haroutunian & Campbell, 
1981, 1982). It is reasonable to propose that individual differences in the magnitude of
vasodilatation across study phase nonwords may represent variations in an OR to each
novel stimulus. Accordingly, the specific level of vasodilatation paired with each nonword
during encoding would be expected to attenuate at a specific rate during retrieval. At  
below baseline levels, HR is almost exclusively mediated by the parasympathetic nervous
system (PNS) (Turner, 1994, p. 26). Because decreased HR is a core component of a 
PNS–dominant pattern called the relaxation response (Benson, 1975, 1983; Benson,  
Greenwood, & Klemchuk, 1975) and has been associated with mild positive affect  
(Steptoe, Wardle, & Marmot, 2005), the OR elicited by a novel stimulus of mild to  
moderate intensity (e.g., encoding stage) and the expected gradual attenuation of it 
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upon subsequent exposures (e.g., retrieval stage) may be behaviorally manifested as
affective preference judgments. 
In summary, vasodilatation at encoding and its expected gradual attenuation at 
retrieval suggest that the relaxation response, or a transient form of it, is the affective 
processing that underlies the mere exposure effect. These cardiovascular findings and
their interpretation are consistent with the special status of the exposure–affect 
relationship: an affective response associated with increased exposure frequency that 
occurs  automatically, without conscious awareness, and is not contingent on cognitive
processing or on a subjective sense of familiarity (Zajonc, 1968, 1980, 2001).
Experiments 6 and 7 were designed to provide supporting evidence for the find- 
ings reported in Experiment 5. These studies examined how individual differences in  
affective processing as measured by trait and state anxiety influenced the mere exposure 
effect. The experimental question was whether sustained and transitory forms of anxiety 
that activate the sympathetic nervous system (SNS), observed to be antagonistic to the 
PNS (Cacioppo et al., 2007), would diminish the magnitude of the mere exposure effect. 
The findings revealed that greater trait and state anxiety (general or type unspecified) 
were associated with a reduced mere exposure effect.
1.10 Alternative hypothesis: Processing fluency 
Study phase response times (Experiments 1, 2, 3, and 5) and both study and test 
phase response times (Experiments 6 and 7b) were used here to examine the alternative 
hypothesis that processing fluency (e.g., ease-of-processing), rather than affective 
20
processing, drives the mere exposure effect. Mental chronometry is a core paradigm in 
behavioral neuroscience employed to elucidate mechanisms underlying cognitive 
processes. This method uses response times to infer the content, duration, and temporal 
sequencing of cognitive operations (Jensen, 2006). 
An analysis of response times was computed individually for each of the mere 
exposure effect tests used across experiments. The results consistently revealed that 
processing fluency effects are an unlikely explanation for either the behavioral or cardio- 
vascular findings reported here. 
1.11 Scientific contribution 
The results from this investigation provide indirect (Experiments 1-3), direct 
(Experiment 5), and supporting (Experiments 6-7b) evidence that affective processes 
modulate the mere exposure effect. These results are consistent with the finding that 
only affective judgments reliably produce the mere exposure effect (Seamon et al, 1998) 
and strongly suggest that it is time to abandon the nonspecific-activation hypothesis 
(Mandler et al., 1987). These findings also suggest that protocols using familiarization 
procedures during study followed by conscious decision-making during test should not be 
described as investigations of the mere exposure effect, a term coined by Zajonc (1968) 
and associated with his description of the exposure–affect relationship. 
Cardiovascular reactivity and trait and state anxiety reflect changes in affectivity,
so the present findings are consistent with the original description of the mere exposure
effect as an affective phenomenon (Zajonc, 1968), but they differ with respect to the
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nature of the affective processes underlying the effect and its appropriate theoretical 
placement. The results from this investigation suggest that affective processes that are 
associated with relaxation and anxiety may be the primary mechanism for the mere 
exposure effect. Within a theoretical context, the findings from this investigation provide 
support for a third form of implicit priming: positive affective. Even though it is difficult 
to disambiguate specific neurological pathways from processing fluency explanations for 
implicit priming effects, it is unclear how ease-of-processing would explain the stimulus-
specific cardiovascular findings that are consistent with individual differences in both 
trait and state anxiety. 
A positive affective form of implicit priming that is influenced by cardiovascular 
psychophysiology and variations in trait and state anxiety suggests the existence of a 
positive affective system, outside of conscious awareness, that promotes health. 
Understanding how this system works may have utility for tracking the effectiveness of 
behavioral and pharmacological interventions for brain disorders that are associated with 
impaired affect, such as clinical depression, the anxiety disorders, and post-traumatic 
stress  disorder (PTSD). A suppressed mere exposure effect, with intact recognition, was 
reported for patients diagnosed with clinical depression (Quoniam et al., 2003). The 
finding that greater trait anxiety is associated with a diminished mere exposure effect in 
typical individuals (Experiment 6) provides additional evidence that patients with 
impaired affect may exhibit a diminished mere exposure effect. The finding that 
increased vasodilatation at encoding may drive preference at retrieval (Experiment 5) 
suggests that patient groups known to exhibit autonomic dysregulation may have a 
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diminished mere exposure effect. Persistent hyperarousal and autonomic dysregulation 
have been observed for patients with panic disorder, generalized anxiety disorder, social 
anxiety disorder, and PTSD (Blechert, Michael, Grossman, Lajtman, & Wilhelm, 2007; 
Cohen, Benjamin, Geva, Matar, Kaplan, & Kotler, 2000; Thayer, Friedman, & Borkovec, 
1996; van Veen, van Vliet,  Derijk, van Pelt, Mertens, & Zitman, 2008). 
Patients diagnosed with clinical depression, the anxiety disorders, and PTSD as 
well as typical groups with high trait anxiety may be unable to find positive affect in 
experiences that are familiar, those commonplace occurrences that are woven into the 
very fabric of everyday life. Together, these behavioral neuroscience findings suggest 
that the development of innovative methods that enhance positive affective implicit 
priming may promote health in neurological, neuropsychiatric, and typical groups. 
Experiments 1-5 were published in the Summer Issue (2014) of the American 
Journal of Psychology, 127(2), 157-182. The publication of these experiments in this 
particular peer reviewed Journal suggests that this dissertation has made a contribution to 
the scientific literature. "The American Journal of Psychology (AJP) was founded in 1887 
by G. Stanley Hall and was edited in its early years by Titchener, Boring, and 
Dallenbach. The Journal has published some of the most innovative and formative papers 
in psychology throughout its history" (http://www.press.uillinois.edu/journals/ajp.html). 
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1.12 Chapter 1 table 
Exp N Outcome 
1 144 Deep versus shallow LOP 
RT during study 
Deep relative to shallow LOP enhanced REC, but did 
not influence MEE or WIP. RT findings were ns. 
2 48 Same versus different study–test font 
RT during study 
Different study–test font reduced WIP, but had no 
influence on MEE. RT findings were ns. 
3 48 Same versus different study–test orientation 
RT during study 
Different study–test orientation reduced WIP, but had 
no influence on MEE. RT findings were ns. 
4 24 Monitor vs. static DVD display 
HR and BVP change 
Stimulus-specific positive relationship between 
affective preference rating and BVP, but not HR. 
5 24 BVP change during study 
RT during study 
Stimulus-specific increase in BVP had predictive 
value for MEE, but not for WIP. RT findings were ns. 
6 24 Trait anxiety 
RT during study and test 
Greater trait anxiety was associated with a reduced 
MEE. RT findings were ns. 
7a 26 CWITexp, development and evaluation Greater demand (cognitive-switching) increased task 
difficulty (errors and latencies). 
7b 24 State anxiety 
RT during study and test 
Greater state anxiety was associated with a reduced 
MEE. Cognitive demand did not influence state 
anxiety. RT findings were ns. 
Note. LOP = levels of processing; RT = reaction time; REC = recognition; MEE = mere exposure effect; WIP = word 
identification implicit priming; HR = heart rate; BVP = blood volume pulse; CWITexp = revised Color-Word Interference 
Test for use in an experimental protocol; ns = not significant 
Manipulation and/or Observation
Table 1.1 Summary of Manipulations and Outcomes for Experiments 1 – 7
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1.13 Chapter 1 figure 
Figure 1.1 Graph abstracted from Zajonc's seminal Monograph (1968).
Note. This graph was re-plotted using Adobe Illustrator after it was  
abstracted from Zajonc,   R. B. (1968). Attitudinal effects of mere exposure. 
Journal of Social Psychology Monograph Supplement, 9(2),    p. 14.
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CHAPTER 2: Study Phase Level of Conceptual Processing Increases Recognition, 
but Has No Influence on the Mere Exposure Effect or 
Word Identification Implicit Priming (Experiment 1)
Sections 2.2 and 2.3, American Journal of Psychology 
127, no. 2 (Summer 2014). Copyright Board of 
Trustees of the University of Illinois
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2.1 Introduction 
The goal of Experiment 1 was to examine conceptual influences during the 
encoding stage of the mere exposure effect. Traditional investigations of conceptual 
influences during encoding using a verbal protocol have been restricted to semantically 
relevant stimuli (e.g., words). Semantic knowledge is not inherent to nonwords or 
pseudowords. This is the item type that is needed to reliably produce the mere exposure 
effect with a verbal protocol (Butler et al., 2004). As a consequence, previous research 
has not investigated the influence of experimental manipulations related to conceptual 
processing. Yet reading a pronounceable nonword causes partial activation of the words 
in its orthographic neighborhood. Meaningful word associates are activated and, in that 
sense, the processing is similar to what happens when real words are read (Dorffner & 
Harris, 1997; Gathercole, 2006). If conceptual processing influences the mere exposure 
effect, then its proposed independence from cognitive evaluation is questionable. 
Deep, relative to shallow, study phase LOP improves performance on tests that 
rely on conceptual processing, such as recognition, but has no effect on performance for 
tests such as word identification that rely on perceptual processing (Craik & Lockhart, 
1972). These empirical findings were used to propose that a test should be classified as a 
measure of conceptual memory if performance is improved after conceptual elaboration 
at study (Roediger et al., 1989). Using this criterion, conceptual influences during 
encoding were investigated by comparing deep (“Read the word.”) and shallow (“Does 
the word contain the letter a?”) study phase LOP on recognition and the mere exposure
effect. Based on the dissociations reported between recognition and the mere exposure 
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effect for stimulus type, encoding conditions, and number of exposures (Kunst-Wilson & 
Zajonc, 1980; Seamon et al., 1995), it was hypothesized that recognition with nonwords 
would be improved after deep relative to shallow study phase LOP, but there would be no 
influence on the mere exposure effect using the identical nonwords. 
To further validate the implicit memory implication of this expected dissociation, 
the same study phase LOP manipulation was used for word identification implicit 
priming. Although patients with global amnesia and normal controls exhibit perceptual 
implicit priming on word identification tests with nonwords (Keane, Gabrieli, Noland, & 
McNealy, 1995) and with other perceptual implicit priming measures (reviewed in 
Bowers & Schacter, 1993), a written response is required with this item type. Word 
identification, in its traditional format that uses words and requires an oral response, is 
widely accepted as a seminal perceptual implicit priming measure. It has consistently 
dissociated from recognition in amnesic, neurological, and neuropsychiatric groups 
(reviewed in Gabrieli, 1989, 1998). It was hypothesized that study phase LOP would 
produce the standard dissociation between recognition and word identification implicit 
priming, and there would be no change in this well-documented dissociation when item 
type was not held constant, nonwords for recognition and words for word identification 
implicit priming. 
2.2 Method 
2.2.1 Participants across Experiments 1—5 
All volunteers provided informed consent before participating in this research. 
Participants were undergraduate students within the age range 18 to 35 years old and 
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native English speakers. They received course credit as compensation. Means (M) and
standard deviations (SD) for age will be given for each of the five experiments.
2.2.2 Participants 
In Experiment 1, participants were 67 men (age: M = 22.84 years, SD = 4.98) and 
77 women (age: M = 22.53 years, SD = 5.03) who were randomly assigned to six groups that
differed on study phase instructions (deep or shallow LOP) and test type (recognition, mere
exposure effect, or word identification implicit priming). 
2.2.3 Stimuli 
The stimuli for recognition and the mere exposure effect tests were 80 
pronounceable nonwords (Turkish words or pseudowords), all eight letters long (Zajonc, 
1968). The stimuli for the word identification implicit priming test were 80 English 
words, seven to eight letters long, with an average frequency of occurrence of 5.79 per 
million (Kučera & Francis, 1967). Words were rated (5-point scale) on valence and 
imageability by an independent sample (n = 30). Study lists using words were 
constructed so that there was no mean difference in word length, frequency, valence, or 
imageability. Half of the nonwords selected for recognition or for the mere exposure 
effect tests were assigned to Study List Anw, and the remaining half of the nonwords were 
assigned to Study List Bnw. Half of the words selected for the word identification implicit 
priming test were assigned to Study List Aw, and the remaining half of the words were 
assigned to Study List Bw. Test lists for recognition and the mere exposure effect 
consisted of 80 items, combining Study Lists Anw and Bnw. Test lists for word 
identification implicit priming consisted of 80 items, combining Study Lists Aw and Bw. 
29
For participants who studied List A (old items), List B was baseline (new items), and for 
participants who studied List B (old items), List A was baseline (new items). 
Within each study list, the items were arranged in pseudorandom order with the 
constraint that no more than three nonwords on recognition and the mere exposure effect 
tests or three words on the word identification implicit priming test appeared in a row. 
The same pseudorandom order procedure was used for the test lists. For recognition, 
nonwords from Study Lists Anw and Bnw were presented one at a time. For the mere 
exposure effect test, nonwords from Study Lists Anw and Bnw were paired. The position 
(right or left) was randomly assigned to the nonwords on the first test form and reversed 
on the second form, with the constraint that half of the nonwords from each study list 
appeared on the left and the remaining half appeared on the right on each test form. The 
pairs were arranged in pseudorandom order with the constraint that no more than three 
items from the same study list appeared in the same location (right or left). For the word 
identification implicit priming test, a row of 10 Xs was created and served as a mask that 
was presented before and after each word. 
2.2.4 Apparatus 
All stimuli were presented using a Macintosh computer and PsychLab software 
version 1.092. Reading response times (RTs) for stimuli presented during study were 
collected with a voice-activated relay connected to the computer. 
2.2.5 Design 
Experiment 1 used a 2 (study phase LOP: deep vs. shallow) x 3 (test type: 
recognition vs. mere exposure effect vs. word identification implicit priming) 
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between-participant factorial design. 
2.2.6 Procedure 
2.2.6.1 Study phase 
Participants were randomly assigned to either the deep study phase LOP group
(Read the word.) or the shallow study phase LOP group (Say yes if the word contains the
letter a; say no if the word does not contain the letter a.). Each participant saw a fixation
cross for 500-ms followed by a 500-ms inter-stimulus-interval (ISI) and then a nonword
(recognition and mere exposure effect) or a word (word identification implicit priming) 
for 2,000-ms. Participants responded by speaking into a microphone that triggered a
voice-operated relay to measure RT. After a participant responded, the software advanced 
to the next trial. Participants were instructed to respond as quickly and as accurately as 
possible. During study, no reference was made to the test phase of the experiment. 
2.2.6.2 Test phase 
Participants received the recognition, mere exposure effect, or word identification 
implicit priming test. There were two forms for each test. In all test conditions, each trial 
began with a fixation cross presented for 500-ms followed by a 500-ms ISI. For the recog- 
nition test, a nonword was presented that remained on the monitor until the participant 
said either “yes” if they remembered the nonword from the study phase or “no” if 
they did not remember the nonword from the study phase. The experimenter recorded 
the participant’s response and initiated the next trial. For the mere exposure effect test, 
two nonwords were presented side by side, and participants were instructed to select 
the nonword they liked best by responding right or left. The experimenter recorded 
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the participant’s response and initiated the next trial. For the word identification implicit 
priming test, a forward mask consisting of a row of 10 Xs was presented for 100-ms
followed by a word for 16.7-ms. The word was immediately masked by another row of
Xs. The backward mask remained on the screen until the participant said the word that 
appeared before the row of Xs (e.g., identified the word). If no response was given, the 
experimenter pressed a key to advance to the next trial. The exposure duration of 16.7-ms
was chosen after pilot studies revealed that participants produced approximately 50% 
correct identification of baseline (unstudied) items while only a row of Xs (the mask) 
remained on the monitor. During the tests, no reference was made to the study phase of 
the experiment. 
2.3 Results 
2.3.1 Test phase 
2.3.1.1 Test comparisons for old and new items 
To test whether participants did significantly better with old items than with new 
items, t tests were conducted on each of the six groups created by the interaction of LOP 
(deep vs. shallow) and test type (recognition vs. mere exposure effect vs. word 
identification implicit priming). The percentage of new items was set to chance (50%) for 
the mere exposure effect due to the forced choice nature of the test. Table 2.1 presents 
means and standard deviations for the proportion of old and new items by study phase 
LOP and test type for recognition and word identification implicit priming, which were 
compared with a paired-sample t test, and the means and standard deviations for the 
proportion of old items compared to chance (50%) for the mere exposure effect, which 
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were compared using a 1-sample t test. The findings reveal that the mean percentage for
old items was significantly higher than the mean percentage for new items across all 
study conditions. 
2.3.1.2 Test comparisons for z difference scores 
To compare the amount of difference between old and new items (e.g., test 
performance) by experiment, raw scores for old and new items were first converted to 
percentages. Next, difference scores (percentage old–new items) were computed and 
converted to z scores to compare distributions where measurement was based on different 
scales. Although the standardized difference scores showed a slight positive skew, the 
residuals did not show a significant departure from a normal distribution for the overall 
data or within cells. Therefore, all analyses were conducted using parametric tests. All 
factorial analyses were conducted on the standardized difference scores. However, 
throughout the results, the means and standard deviations of the percentages are also 
reported to facilitate interpretation of the findings. 
The z difference scores between old and new items were entered into a 2 (LOP: 
deep vs. shallow) x 3 (test type: recognition vs. mere exposure effect vs. word 
identification implicit memory) between-participant analysis of variance (ANOVA). 
Means and standard errors of percentage and z difference scores by study phase LOP and 
test type are presented in Table 2.2. 
In addition to significant main effects for LOP and test type, the results for z 
difference scores (old–new items) revealed a significant interaction between LOP and test 
type (see Table 2 Note). Bivariate follow-up tests were conducted to further explore the 
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interaction. Significant differences in z difference scores were obtained between recog- 
nition, the mere exposure effect, and word identification implicit priming for shallow, 
F(2, 71) = 26.03, p < .0001, partial η2 = .430, and deep groups, F(2, 71) = 112.29, p 
< .0001, partial η2 = .765. In both levels of processing, participants had the largest
difference between old and new items under the recognition condition and the smallest
difference under the word identification implicit priming condition. 
A one-way ANOVA also revealed a significant difference in z difference scores 
between deep and shallow LOP for recognition, F(1, 47) = 61.59, p < .0001, partial η2 = 
.572. Deep had significantly higher percentage z difference scores than shallow LOP 
indicating that there was a larger difference between old and new items for deep LOP 
compared to shallow LOP for participants in the recognition condition. There was no 
significant difference in z difference scores between deep and shallow LOP for either the 
mere exposure effect or word identification implicit priming, both Fs < 1. Figure 2.1 
presents the mean proportion of z difference scores (old–new items) by study phase LOP 
and test type. 
2.3.2 Study phase 
2.3.2.1 Study phase RTs and preference 
Means and standard deviations for median RTs to studied items by LOP and 
test/item type for Experiment 1 are presented in Table 2.3. 
RT analyses were used to examine the alternative hypothesis that test 
performance, as depicted in Figure 2.1, is a function of processing fluency during study. 
For the test findings reported here, the processing fluency hypothesis would predict an 
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interaction between LOP and test/item type for RTs during the study phase. 
RTs were entered into a 2 (study phase LOP: deep vs. shallow) x 3 (test/item type: 
recognition vs. mere exposure effect vs. word identification implicit priming) 
between-participant ANOVA. The results for study phase RTs revealed a significant 
main effect for LOP. Deep LOP had significantly longer mean RTs than shallow LOP. A 
significant main effect for study phase RTs was observed for test/item type. No 
significant interaction for study phase RTs was found between LOP and test/item type 
(see Table 2.3). 
Overall, these findings revealed that nonwords, used subsequently at test for both 
recognition (RECnw) and the mere exposure effect (MEEnw), were processed
significantly faster (e.g., shorter RTs) than words, used subsequently at test for word
identification implicit priming (WIPw). Shallow was processed significantly faster
than deep LOP for both nonwords and words. No significant interaction for study
phase RTs between LOP and test/item type was observed. These findings do not support the
alternative hypothesis that processing fluency influences test performance.
2.4 Discussion 
Deep compared with shallow study phase LOP improved recognition but had no 
influence on the mere exposure effect. Conceptual processing with nonwords was 
available for both tests via orthographic similarities to words and their associated 
meanings. A large performance difference for deep and shallow study phase LOP was 
obtained with recognition (means of 49% and 21%, respectively). In contrast, deep and 
shallow study phase LOP was almost identical for the mere exposure effect (means of 4% 
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and 5%, respectively). Unlike recognition, the mere exposure effect is not conceptually 
driven, a finding that supports its independence from cognitive evaluation. 
The well-established observation that word identification implicit priming 
dissociates from recognition was replicated (reviewed in Roediger & McDermott, 1993; 
Shimamura, 1986). This finding confirms that the dissociation observed between 
performance on recognition and the mere exposure effect meets the retrieval intention- 
ality criterion for distinguishing between explicit and implicit memory measures (reviewed 
in Schacter et al., 1989). According to this criterion, if tests use the same nominal cues,
vary only in their instructions (testing with and without reference to study), and are disso- 
ciated by the same experimental variable, then explicit contamination cannot be used to
nullify the implicit memory classification of a test. Also, the same conceptual encoding
manipulation did not produce differential test performance for the mere exposure effect
and word identification implicit priming, even though the latter test used conceptually 
meaningful stimuli (i.e., words).
Differences in processing time at study for nonwords and words cannot be used to 
explain these test results. Overall, shorter RTs were obtained for nonwords than for words. 
However, RTs for study phase LOP did not interact with test type (recognition and the mere 
exposure effect with nonwords; word identification implicit priming with words).
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2.5 Chapter 2 tables 
Table 2.1 Means (M) and Standard Deviations (SD) for Percentage of Old and 
New Items by Study Phase Level of Processing (LOP) and Test Type,  
Experiment 1 
% Old items % New items 
Test N M SD M SD t p 
Deep 
      RECnw 24 72.60 13.20 23.70 15.29 15.60 <.001 
      MEEnw 24 53.90 6.38 50.00a — 2.96 .007 
WIPw 24 67.60 25.30 57.20 32.72  5.01 <.001 
Shallow 
RECnw 24 56.80 10.50 35.70 10.33 12.56 <.001 
MEEnw 24 55.00 6.80 50.00a — 3.60 .001 
WIPw 24 70.50 14.10 58.90 18.27 7.03 <.001 
Note. aFor the mere exposure effect (MEEnw) tests, the percentage for old items 
was compared with chance, or 50.00, using a 1-sample t test. For recognition  
(RECnw) and word identification implicit priming (WIPw), paired t tests were  
computed. The mean percentage for old items was significantly higher than for 
new items, with a Bonferroni-adjusted alpha level of .008 per test.  
nw = nonwords; w = words.   
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Table 2.2 Means (M) and Standard Errors (SEM) for Percentage and z Difference Scores by Study Phase Level of Processing 
(LOP) and Test Type, Experiment 1 
LOP 
Deep    Shallow Total 
% z Score % z Score % z Score 
Test M SEM M SEM M SEM M SEM M SEM M SEM 
RECnw 48.96a,x 3.14 1.77 0.17 21.04a,y 1.68 0.23 0.09 35.00a 2.69 1.00 0.15 
MEEnw 3.85b,x 1.30 –0.71 0.07  5.00b,x 1.39 –0.65 0.08 4.43b 0.95 –0.68 0.05 
WIPw 10.42c,x 2.08 –0.35 0.11 11.67c,x 1.65 –0.23 0.09 11.04c 1.32 –0.32 0.07 
Total 21.08x 2.70 0.23 0.15 12.57y 1.19 –0.23 0.07   16.83 1.51 0.00 0.08 
Note. Although all analyses were conducted on z difference scores, superscripts are shown with percentage difference scores to 
facilitate interpretation of the findings. The results revealed a significant main effect for LOP, F(1, 143) = 27.89, p < .0001, 
partial η2 = .168 and a significant main effect for test type, F(2, 143) = 132.97, p < .0001, partial η2 = .658. A significant 
interaction, F(2, 143) = 36.30, p < .0001, partial η2 = .345, between LOP and test type justified planned comparisons.
Superscripts for Tukey post hoc comparisons between recognition (RECnw), mere exposure effect (MEEnw), and word 
identification implicit priming (WIPw) are shown using the letters a, b, and c. Superscripts for comparisons between deep and 
shallow are shown using the letters x and y. Means with different superscripts differ significantly, p < .05.  
nw = nonwords; w = words.  
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Table 2.3 Means (M) and Standard Deviations (SD) for Median Response Times  
(ms) to Studied Items by Level of Processing (LOP) and Test/Item Type, Experiment 1 
   LOP 
Deep Shallow      Total 
Test/Item N M SD M SD M SD 
RECnw 48 1,037a,x 184 768a,y 310 903a 287 
MEEnw 48 1,086a,x 255 850a,y 243 968a 274 
WIPw 48 1,980b,x 498 1,673b,y 295 1,826b 433 
Total 144    1,368x 550    1,097y 498    1,232 540 
Note. Although no significant interaction between LOP and test/item type, F < 1, was  
found for study phase response times, post hoc analyses were examined because of the  
significant main effects of LOP, F(1, 143) = 26.93, p < .0001, partial η2 = .163, and  
test/item type, F(2, 143) = 129.87, p < .0001, partial η2 = .653. Superscripts for Tukey post 
hoc comparisons between recognition (RECnw), mere exposure effect (MEEnw), and word  
identification implicit priming (WIPw) are shown using the letters a and b. Because RECnw 
and MEEnw were not significantly different from each other, the superscript a was used for 
both tests. Superscripts for comparisons between deep and shallow are shown using the  
letters x and y. Means with different superscripts differ significantly, p < .05.  
nw = nonwords; w = words 
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2.6 Chapter 2 figures 
Figure 2.1 Mean proportion of z difference scores (old–new items) 
by study phase level of processing and test type, Experiment 1.
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CHAPTER 3: Study–Test Change in Perceptual Processing of Font Reduces Word 
Identification Implicit Priming, but Has No Influence on
the Mere Exposure Effect (Experiment 2)
Sections 3.2 and 3.3, American Journal of Psychology 
127, no. 2 (Summer 2014). Copyright Board of Trustees 
of the University of Illinois 
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3.1 Introduction 
The goal of Experiment 2 was to examine perceptual influences on the mere 
exposure effect. To accomplish this goal, a criterion for determining whether a test relies 
on perceptual processing was used (Roediger et al., 1989): Perceptual processing is 
demonstrated when changing perceptual features of stimuli between study and test 
reduces test performance. 
To my knowledge, this criterion has not been applied to the nonconscious mere 
exposure effect when investigated using verbal stimuli. Significant reductions in 
perceptual implicit priming have been observed in many experiments examining study–
test changes in font, an orthographic structure or visual characteristic of a word, with 
occasional failures to find this effect when the study–test font was not substantial or the 
study task focused on word meaning (reviewed in Schacter, 1994, pp. 238-239). 
However, under conditions that forced participants to focus on perceptual features, 
study–test changes in font reliably produced reductions in word identification implicit 
priming (Graf & Ryan, 1990). Based on this research, a study–test change consisting of 
substantially different fonts (i.e., type and style) was used to examine perceptual
influences on the mere exposure effect using verbal stimuli. For the purpose of 
validation, word identification implicit priming was again examined using these same 
manipulations. 
Experiment 2 compared the effect of same and different study–test fonts on the 
mere exposure effect and word identification implicit priming. It was hypothesized that 
word identification implicit priming, and not the mere exposure effect, would be reduced 
42
by a change in study–test font. 
3.2 Method 
3.2.1 Participants 
In Experiment 2, participants were 22 men (age: M = 24.91 years, SD = 5.67) and 26 
women (age: M = 23.35 years, SD = 4.90) who were randomly assigned to either the same 
study–test font (Geneva, Geneva) or different study–test font (Monaco, Geneva) group.
3.2.2 Stimuli 
All stimuli were the same as those used for the mere exposure effect and word 
identification implicit priming tests in Experiment 1. However, study lists contained both 
nonwords and words presented in Geneva font for the same study–test condition and 
presented in Monaco font for the different study–test condition. A line style and italicized 
version of Monaco font was used. All test stimuli were presented in Geneva font. 
3.2.3 Apparatus 
Hardware and software were the same as those used in Experiment 1. 
3.2.4 Design 
Experiment 2 used a 2 (study–test font: same vs. different, between participants) x 
2 (test type: mere exposure effect vs. word identification implicit priming, within 
participants) mixed factorial design. 
3.2.5 Procedure 
3.2.5.1 Study phase 
Participants were randomly assigned to either the same (word and nonword in 
Geneva font) or different (word and nonword in Monaco font) study–test font group. 
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During the study phase, font type (Geneva or Monaco), study list combination (nonwords 
and words), and reading the stimuli as the only encoding task were the exceptions to the 
procedure used in Experiment 1. 
3.2.5.2 Test phase 
The procedure was identical to that used for Experiment 1, except that recognition 
was not examined and each participant received both the mere exposure effect and word 
identification implicit priming tests, counterbalanced for test order and test form. 
3.3 Results 
3.3.1 Test phase 
3.3.1.1 Test comparisons for old and new items 
To test whether participants did significantly better with old items than with new 
items, t tests were conducted on each of the four groups created by the interaction of 
study–test font (same vs. different) and test type (mere exposure effect vs. word identifi- 
cation implicit priming). The percentage of new items was set to chance (50%) for the
mere exposure effect due to the forced choice nature of the test. Table 3.1 presents means
and standard deviations for the proportion of old and new items by study–test font and
test type for word identification implicit priming, which were compared with a paired- 
sample t test, and the means and standard deviations for the proportion of old items  
compared to chance (50%) for the mere exposure effect, which were compared using
a 1-sample t test. The findings reveal that the mean percentage for old items was  
significantly higher than the mean percentage for new items across all study conditions.
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3.3.1.2 Test comparisons for z difference scores 
To compare the amount of difference between old and new items (e.g., test 
performance) by experiment, the z difference scores between old and new items were 
computed and entered into a 2 (study–test font: same vs. different, between participants) 
x 2 (test type: mere exposure effect vs. word identification implicit priming, within 
participants) mixed ANOVA. The residuals did not show a significant departure from a 
normal distribution for the overall data or within cells. Therefore, all analyses were 
conducted using parametric tests. Throughout the results, the means and standard errors 
of the percentages are reported to facilitate interpretation of the findings. However, all 
factorial analyses were conducted on the standardized difference scores. 
Means and standard errors of percentage and z difference scores by study–test 
font and test type are presented in Table 3.2. 
There were no significant main effects for study–test change in font or test type. 
However, results revealed a significant interaction between font and test type (see Table 
3.2). 
A one-way ANOVA revealed a significant difference between study–test change 
in font for word identification implicit priming, F(1, 47) = 7.80, p < .05, partial η 2 = .145. 
As shown in Figure 3.1, the difference between old and new items was significantly 
larger when the font was the same than when the font was different for word 
identification implicit priming. No significant differences were obtained for the mere 
exposure effect, F < 1. In addition, no significant differences were found between the 
mere exposure effect and word identification implicit priming for same font or for 
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different font, both Fs < 2.8. Mean proportion of z difference scores (old–new items) by 
study–test font and test type are presented in Figure 3.1. 
3.3.2 Study phase 
3.3.2.1 Study phase RTs and preference 
Means and standard deviations for median RTs to studied items by font and item 
type are presented in Table 3.3. 
RT analyses were used to examine the alternative hypothesis that test performance,
as depicted in Figure 3.1, is a function of processing fluency during study (encoding). For
the test findings reported here, the processing fluency hypothesis would predict an inter- 
action between font and item type for study phase RTs. More specifically, for word identi- 
fication implicit priming the prediction would be that study phase RTs for words in Geneva
font (Geneva–Geneva, same study–test group) would be processed faster (shorter study 
phase RTs) than words in Monaco font (Monaco–Geneva, different study-test group). For
the mere exposure effect, no significant difference in study phase RTs for nonwords by font
type (Geneva, Monaco) would be expected (Geneva–Geneva, same study–test group; 
Monaco–Geneva, different study–test group). 
RTs were entered into a 2 (font: Geneva vs. Monaco, between participants) x 2 
(item type: nonwords vs. words, within participants) mixed ANOVA. The results for 
study phase RTs revealed a significant main effect for item type. Nonwords had 
significantly longer mean RTs than words for both Geneva and Monaco fonts. No 
significant main effect was observed between font and item type, or the interaction 
between font and item type (see Table 3.3). These findings do not support the alternative 
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hypothesis that test performance is influenced by processing fluency. 
3.4 Discussion 
Study–test change in font reduced word identification implicit priming but had no 
influence on the mere exposure effect. This null finding is consistent with research on 
visual objects that reported no influence on the mere exposure effect with study–test 
changes in left-right orientation, size, and color for a three-dimensional shape (Seamon et 
al., 1997), depth rotation of a solid object (Seamon & Delgado, 1999), and background 
color that encompassed geometric shapes (Bonanno & Stillings, 1986). Consistent with 
the method used here, these studies examined the mere exposure effect as a form of 
implicit priming. No difference in attenuation of the mere exposure effect for study–test
shifts in nonwords that were visually altered has also been reported (Topolinski & Strack, 
2009, Experiment 1, pp. 425-426). 
Some studies reported greater priming when perceptual features were held 
constant, but these studies involved conscious preference judgments. An encoding task 
that requires participants to rate (on a nominal scale: good, rather good, rather bad, bad) 
how well certain colors fit certain familiar objects (Hupbach et al., 2006) or to make a 
perceptual decision by rating (on an interval scale:1 to 9) the complexity of pictures 
(Lawson, 2004) may activate higher levels of cognitive processing. This may also be the 
case when decision-making interacts with highly complex objects that differ between 
study and test (Lawson, 2004). Furthermore, the separation between encoding and 
retrieval may be compromised if the behavioral response is similar for both: A procedure 
that requires participants to use a mouse click to indicate their preference rating during 
47
encoding and also their preference judgment during retrieval provides a behavioral 
connection between study and test (Hupbach et al., 2006). Some of these possible explicit 
contaminations were identified in study and test tasks (Hupbach et al., 2006, Experiments 
1 and 2, p. 235; Lawson, 2004, Experiment 1). However, the results from the subsequent 
experiments designed to address them (Hupbach et al., 2006, Experiment 3; Lawson, 
2004, Experiment 2) produced inconsistent findings between preference judgments and 
RTs for a study–test change in color (Hupbach et al., 2006, Experiment 3) and only a 
trend toward increased preference judgments when same and different object views were 
compared (Lawson, 2004, Experiment 2). 
The study–test change in font examined here produced a significant interaction 
between font and test type. The mere exposure effect was lower for same (mean of 8.5%), 
relative to different (mean of 9.2%), study–test change in font. In contrast, word 
identification implicit priming was higher for same (mean of 24.3%), relative to different 
(mean of 14.6%), study–test font. The dissociation between these two implicit priming 
tests suggests that the mere exposure effect is not perceptually driven. However, given 
that the results for the mere exposure effect are based on null findings, it is possible, 
although unlikely, that the font manipulation was not robust enough to reveal a perceptual 
influence on the mere exposure effect. 
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3.5 Chapter 3 tables 
Table 3.1 Means (M) and Standard Deviations (SD) for Percentage Old and New Items by 
Study–Test Font and Test Type, Experiment 2 
% Old items % New items 
Test N M SD M SD t p 
Same font 
MEEnw 24 58.51 11.29 50.00a — 3.60 .001 
WIPw 24 75.17 23.62 50.87 26.21 10.01 <.001 
Different font 
MEEnw 24 59.20 11.33 50.00a — 3.98 .001 
WIPw 24 49.83 26.31 35.24 23.36 5.84 <.001 
Note. aFor the mere exposure effect (MEEnw) tests, the percentage for old items was compared  
with chance, or 50.00, using a 1-sample t test. For word identification implicit priming (WIPw), 
paired t tests were computed. The mean percentage for old items was significantly higher than  
for new items, with a Bonferroni-adjusted alpha level of .013 per test.  
nw = nonwords; w = words. 
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Table 3.2 Means (M) and Standard Errors (SEM) for Percentage and z Difference Scores by Study–Test Font and Test Type, 
Experiment 2 
Study–test font 
Same Different Total 
% z Scores % z Scores % z Scores 
Test M SEM M SEM M SEM M SEM M SEM M SEM 
MEEnw 8.51a,x 2.31 0.02 0.22 9.20a,x 2.23 0.08 0.22 8.85a 1.62 0.05 0.15 
WIPw 24.31a,x 2.43 0.49 0.19 14.58a,y 2.50 –0.25 0.19 19.44a 1.86 0.12 0.14 
Total    16.41x 2.02 0.25 0.15    11.89x 1.73 –0.08 0.15 — — — — 
Note. There were no significant main effects for the between-participant factor of study–test change in font, F < 2.65, or for the 
within-participant factor of test type, F < 1. There was a significant interaction between study–test change in font and test type, 
F(1, 46) = 4.17, p < .05, partial η 2 = .083. MEEnw = mere exposure effect; WIPw = word identification implicit priming;  
nw = nonwords; w = words. 
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Table 3.3 Means (M) and Standard Deviations (SD) for Median Response Times 
(ms) to Studied Items by Font and Item Type, Experiment 2 
Font 
Geneva Monaco Total 
Test/Item    N    M   SD M SD M SD 
NW 48 1,080a,x 432 1,292a,x 679 1,186a 573 
W 48 827b,x 322 981b,x 541    904b 447 
Total 48      954x 398    1,136x 627 — — 
Note. No significant main effect was observed for font, or the interaction between  
font and item type, both Fs < 1.5. Because of the significant main effect of item type, 
F(1, 46) = 78.87, p < .0001, partial η 2 = .632, post hoc analyses were examined.  
Superscripts for comparisons between nonwords (NW) and words (W) are shown  
using the letters a and b. Superscripts for comparisons between Geneva and Monaco 
fonts are shown using the letters x and y. Means with different superscripts differ  
significantly, p < .05. The letter x is used to denote no differences between Geneva  
and Monaco fonts. 
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3.6 Chapter 3 figures 
Figure 3.1 Mean proportion of z difference scores (old–new items) by 
study–test  change in font and test type, Experiment 2.
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CHAPTER 4: Study–Test Change in Perceptual Processing of Orientation Reduces 
Word Identification Implicit Priming, but Has No Influence on 
the Mere Exposure Effect (Experiment 3)
Sections 4.2 and 4.3, American Journal of Psychology 
127, no. 2 (Summer 2014). Copyright Board of 
Trustees of the University of Illinois  
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4.1 Introduction 
The goal of Experiment 3 was to provide further validation for the findings reported 
in Experiment 2 by using a different study–test change in a stimulus attribute, orientation. 
The effect of same study–test orientation (horizontal, horizontal) versus different study-test 
orientation (vertical, horizontal) on the mere exposure effect and word identification implicit 
priming was examined. It was hypothesized that word identification implicit priming would 
be reduced by a study–test change in orientation but no difference would be observed for the 
mere exposure effect. 
4.2 Method 
4.2.1 Participants 
In Experiment 3, participants were 25 men (age: M = 23.92 years, SD = 5.39) and 23 
women (age: M = 23.04 years, SD = 4.87) who were randomly assigned to the same 
(horizontal, horizontal) or different (vertical, horizontal) study–test orientation group. 
4.2.2 Stimuli 
The stimuli were the same as those used in Experiment 2, with the only exceptions 
being that the stimuli were all presented in Geneva font and study lists were constructed for 
stimulus presentation in both horizontal (e.g., a row) and vertical (e.g., a column) orienta-
tions. A depiction of the stimulus orientations is presented in Figure 4.1.
4.2.3 Apparatus 
Hardware and software were the same as those used in the previous experiments. 
54
4.2.4 Design 
Experiment 3 used a 2 (study–test orientation: same vs. different, between 
participants) x 2 (test type: mere exposure effect vs. word identification implicit priming, 
within participants) mixed factorial design. 
4.2.5 Procedure 
4.2.5.1 Study phase 
Participants were randomly assigned to either the same or different study–test 
orientation groups. In the same group, they read each nonword and word presented in a 
standard horizontal orientation (i.e., row). In the different group, they read each nonword
and word presented in a nonstandard vertical orientation (i.e., column). During the study
phase, either horizontal or vertical orientation of nonwords and words, each presented in 
the same font (Geneva), were the only exceptions to the procedure used for Experiment 2. 
4.2.5.2 Test phase. 
During the test phase, the procedure was identical to that used for Experiment 2.
4.3 Results 
4.3.1 Test phase 
4.3.1.1 Test comparisons for old and new items 
To test whether participants did significantly better with old items than with new 
items, t tests were conducted on each of the four groups created by the interaction of 
study–test orientation (same vs. different) and test type (mere exposure effect vs. word 
identification implicit priming). The percentage of new items was set to chance (50%) for 
the mere exposure effect due to the forced choice nature of the test. Table 4.1 presents 
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means and standard deviations for the proportion of old and new items by study–test 
orientation and test type for word identification implicit priming, which were compared
with a paired-sample t test, and the means and standard deviations for the proportion of old
items compared to chance (50%) for the mere exposure effect, which were compared using 
a 1-sample t test. The findings reveal that the mean percentage for old items was significantly 
higher than the mean percentage for new items across all study conditions.
4.3.1.2 Test comparisons for z difference scores 
To compare the amount of difference between old and new items (e.g., test 
performance) by experiment, the z difference scores were entered into a 2 (study–test 
orientation: same vs. different, between participants) x 2 (test type: mere exposure effect 
vs. word identification implicit priming, within participants) mixed ANOVA. The 
residuals did not show a significant departure from a normal distribution for the overall 
data or within cells. Therefore, all analyses were conducted using parametric tests. 
Throughout the results, the means and standard errors of the percentages are reported to 
facilitate interpretation of the findings. However, all factorial analyses were conducted on 
the standardized difference scores. 
Means and standard errors of percentage and z difference scores by study–test 
orientation and test type are presented in Table 4.2 . 
In addition to a significant main effect for study–test change in orientation, the 
results for z difference scores (old–new items) revealed a significant interaction between 
study–test change for orientation and test type. There was no significant main effect for 
test type (see Table 4.2). 
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Bivariate follow-up tests were conducted to further explore the interaction. As 
shown in Figure 4.2, the z difference scores for same orientation were significantly higher 
than for different orientation for word identification implicit priming. No significant 
differences were found between same and different orientation for the mere exposure 
effect, F < 1, or between the mere exposure effect and word identification implicit 
priming for same orientation, F < 1.5, or for different orientation, F < 4.1 (p = .055). 
A one-way ANOVA revealed that z difference scores for same orientation were 
significantly greater than for different orientation for word identification implicit 
priming, F(1, 46) = 11.74, p < .05, but there was no difference between same and 
different orientation for the mere exposure effect, F < 1. Mean proportion of z difference 
scores (old–new items) by study–test orientation and test type are presented in Figure 4.2. 
4.3.2 Study phase 
4.3.2.1 Study phase RTs and preference 
Means and standard deviations of median RTs to studied items by orientation and 
item type are presented in Table 4.3. 
RT analyses were used to examine the alternative hypothesis that test performance, 
as shown in Figure 4.2, is a function of processing fluency during study (e.g., encoding). 
For the test findings reported here, the processing fluency hypothesis would predict an inter- 
action between orientation and item type for study phase RTs. The predicted interaction
would follow the same pattern as that described for font and item type (see section 3.3.2.1, 
Experiment 2). 
RTs were entered into a 2 (orientation: horizontal vs. vertical, between 
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participants) x 2 (item type: nonwords vs. words, within participants) mixed ANOVA. 
The results for study phase RTs revealed a significant main effect for item type. Nonwords
had significantly longer mean RTs relative to words. A significant main effect was also
observed for orientation. No significant interaction was found for study phase RTs between 
orientation and item type. Horizontal orientation and words obtained significantly shorter
RTs than vertical orientation and nonwords (see Table 4.3). These findings do not support
the alternative hypothesis that test performance is a function of processing fluency.
4.4 Discussion 
The main effect for orientation was significant, indicating that the study–test 
change in orientation was more rigorous than font. Similar to font, there was no main 
effect for test type, but there was a significant interaction between orientation and test 
type. A change in study–test orientation reduced word identification implicit priming 
(12%) but produced almost no influence on the mere exposure effect (less than 1%). The 
          The studies herein directly compared the mere exposure effect to a perceptual 
priming measure. The widespread consensus that the mere exposure effect was actually 
perceptual priming was based on the research of Seamon and his colleagues over a 
fifteen year period (Seamon et al., 1983, 1984, 1995, 1997, 1998). These investigators 
compared the mere exposure effect to recognition, and, based on its parallel 
performance, inferred that it was a perceptual priming measure.  
dissociation observed with study–test change in font (Experiment 2) and orientation 
(Experiment 3) between the mere exposure effect and word identification implicit priming 
is evidence that perceptual processing does not influence the mere exposure effect.
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4.5 Chapter 4 tables 
    Table 4.1 Means (M) and Standard Deviations (SD) for Percentage Old and New Items by 
 Study–Test Orientation and Test Type, Experiment 3 
    % Old items   % New items 
Test Type N M SD M SD t p 
Same orientation 
MEEnw 24 57.98 10.27 50.00a — 3.81 .001 
WIPw 24 68.58 25.45 46.35 23.32 8.13 <.001 
Different orientation 
MEEnw 24 57.64 10.03 50.00a — 3.73 .001 
WIPw 24 47.22 23.94 36.81 23.94 4.96 <.001 
Note. aFor the mere exposure effect (MEEnw) tests, the percentage for old items was   
compared with chance, or 50.00, using a 1-sample t test. For the word identification implicit  
priming (WIPw) tests, paired t tests were computed. The mean percentage for old items was   
significantly higher than for new items, with a   Bonferroni-adjusted alpha level of .013 per   
test. nw = nonwords; w = words.  
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Table 4.2 Means (M) and Standard Errors (SEM) for Percentage and z Difference Scores by 
 Study–Test Orientation and Test Type, Experiment 3 
Study–test orientation 
Same   Different Total 
    %     z Scores %     z Scores      %    z Scores 
Test M SEM M SEM M SEM M SEM M SEM M SEM 
MEEnw  7.99a,x 2.10 –0.03 0.20  7.64a,x 2.05 –0.06 0.19  7.81a 1.45 –0.05 0.14 
WIPw 22.22a,x 2.73  0.33 0.21 10.42a,y 2.10 –0.57 0.16 16.32a 1.91 –0.12 0.15 
Total 15.10x 1.99 0.15 0.14 9.03y 1.46 –0.32 0.13 — — — — 
Note. Although all analyses were conducted on z difference scores, superscripts are shown with 
percentage difference scores to facilitate interpretation of the findings. There was a significant main 
effect for study–test change in orientation, F(1, 46) = 7.79, p < .05, partial η2 = .145, and a significant 
interaction between study–test change in orientation and test type, F(1, 46) = 4.21, p < .05, partial η2 
= .084. There was no significant main effect for the within-participant factor of test type, F < 1. 
Means with different superscripts differ significantly, p < .05. Comparisons between mere exposure
effect (MEEnw) and word identification implicit priming (WIPw) are shown using the letters a and b. 
Because MEEnw and WIPw were not significantly different from each other, the superscript a was 
used for both tests. Comparisons between same and different orientation are shown using x and y. 
nw = nonwords; w = words.
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Table 4.3 Means (M) and Standard Deviations (SD) for Median Response Times 
(ms) to Studied Items by Orientation and Item Type, Experiment 3 
Orientation 
Horizontal Vertical Total 
Item Type N M SD M SD M SD 
NW 48 1,573a,x 796 2,085a,y 884 1,829a 871 
W 48 1,168b,x 541 1,594b,y 762 1,381b 688 
Total 48      1,370x    703 1,840y 853 — — 
Note. Although no significant interaction was found for study phase RTs between  
orientation and item type, F < 1, post hoc analyses were examined because of the  
significant main effects of orientation, F(1, 46) = 4.85, p < .05, partial η2 = .095, and  
item type, F(1, 46) = 86.64, p < .0001, partial η2 = .653. Superscripts for comparisons 
between nonwords (NW) and words (W) are shown using the letters a and b.  
Superscripts for comparisons between horizontal and vertical orientations are shown  
using the letters x and y. Means with different superscripts differ significantly, p < .05. 
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4.6 Chapter 4 figures 
Figure 4.1 Stimulus orientations at study, Experiment 3.
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Figure 4.2 Mean proportion of z difference scores (old–new items) by 
study–test   change in orientation and test type, Experiment 3.
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5.1 Introduction 
The goal of Experiment 4 was to assess the feasibility of recording cardiovascular 
responses as a means of detecting affective preference between stimuli that provide only 
minimal conceptual and perceptual information. The results from Experiments 1-3 
provided evidence that the mere exposure effect was not a form of conceptual or 
perceptual implicit priming but may be driven, as originally proposed (Zajonc, 1968), by 
affective processing. One method of detecting affective processing during encoding is 
cardiovascular psychophysiology (Berntson et al., 2007). Cardiovascular responses have 
been used to investigate emotional processing (reviewed in Kreibig, 2010; Kreibig et al., 
2007; Rainville et al., 2006; Stephens et al., 2010), but have not been previously used 
with the mere exposure effect. Also, this method provides an opportunity for measurement 
that is consistent with the prediction that the affective response occurs automatically and  
outside of awareness (Zajonc, 1968, 1980, 2001).
As originally formulated, the evolutionary-based affective mechanism for the 
mere exposure effect (Zajonc, 1968) predicts affective responses that are positive during 
retrieval but not necessarily during encoding, a critical distinction that is often 
overlooked. The first exposure of a novel stimulus was proposed to elicit an instinctive 
fear reaction (e.g., encoding stage). Furthermore, it was posited that this response would 
diminish with subsequent exposures and, in the absence of danger, elicit some form of 
positive affect (e.g., retrieval stage). With distress responses, research with nonhuman 
animals has supported this sequencing of emotional events (Zajonc, Markus, & Wilson, 
1974). Psychophysiological research with human participants has reported that a 
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potentially harmful stimulus elicits a defense response (DR) that is associated with 
constriction of peripheral blood vessels (Sokolov, 1963) and increases in HR (Cacioppo 
& Petty, 1983; Lynn, 1966; Stern, Ray, & Davis, 1980). 
The speculation that the first encounter with a novel stimulus might elicit 
"orienting and exploratory approach behavior" was considered, but dismissed (Zajonc, 
1968, 1998). The OR is defined as a decrease in HR (bradycardia) associated with increased
attention toward a novel stimulus, a response widely considered to serve a survival 
function (reviewed in Bradley, 2009). When human infants are confronted with a novel 
stimulus (e.g., strangers or the visual cliff), there is a developmental shift from attention 
accompanied by decreased HR (5 months old) to fear accompanied by increased HR (9 
months old) (Campos, Emde, Gaensbauer, & Henderson, 1975; Campos, Langer, 
Krowitz, 1970; Schwartz, Campos, Baisel, 1973). These results suggest that 
developmentally the OR takes precedence over a fear reaction. The OR has been
extensively investigated in both human and nonhuman subjects, although not within the 
context of the mere exposure effect. Cardiovascular psychophysiology offers a reliable 
method of detecting the presence or absence of an OR (Lacey, 1967; Varner & 
Rohrbaugh, 1990).
Experiment 4 compared cardiovascular reactivity and stimulus affective 
preference under two stimulus conditions: blank monitor and static visual display. These 
conditions were selected because they provided minimal conceptual and perceptual 
content but could be presented continuously, providing more opportunity to examine 
cardiovascular reactivity than nonwords presented with short-duration ISIs. The 
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behavioral hypothesis was that there would be a difference in affective preference ratings 
for the monitor relative to the static condition. The cardiovascular hypothesis was that 
there would be a difference in HR and BVP change scores for the monitor relative to the 
static condition. 
5.2 Method 
5.2.1 Participants 
In Experiment 4, participants were 12 men (age: M = 23.17 years, SD = 5.22) and 12 
women (age: M = 25.33 years, SD = 4.42).
5.2.2 Stimuli 
A DVD was constructed with monitor (blank screen) and static (visual stimulus 
only) 60-s displays, counterbalanced to control for order effects. A 20-point affective 
preference scale (–10 = strongly not like; +10 = strongly like) was used to rate monitor 
and static conditions. 
5.2.3 Apparatus 
A DVD player was used to present the monitor and static displays. Cardiovascular 
data were recorded with PowerLab 400 (AD Instruments), an integrated system of 
hardware and software designed to record, display, and analyze signals from ±10 V down 
to the microvolt range. The software consisted of the application program for Chart 3.6.3 
that ran on a Macintosh computer to which the PowerLab was connected. HR and BVP 
data were automatically edited for artifact by the low-pass filter (e.g., Fc = 0.3 Hz) that 
removed component frequencies contingent on the threshold measurement for each 
participant. PowerLab software computed peak-to-peak time-based calculations in 2-s 
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intervals. Less than 1% of the HR and BVP data for each experiment was omitted from 
the analyses because of omissions in peak-to-peak detection. 
One channel of the PowerLab was devoted to a photosensor that directly 
converted a photodiode photo current to a voltage for detection by the analog-to-digital 
converter. The photosensor was positioned at a 45° angle from the center of the computer 
monitor. Each stimulus on–off time was detected by a positive followed by a negative 
signal from the photosensor and recorded on the photosensor channel. HR and BVP were 
recorded from a photoplethysmograph transducer placed on the distal phalanges of the 
index finger of each participant’s right hand. Data was sampled at 1,000 Hz, with a 
calibration accuracy of better than 0.1%. The information from the photosensor channel 
was used to mark the 4 on–off times for the 60-s intervals involving cardiovascular 
recording. A 60-s eyes-closed baseline preceded each 60-s monitor and static DVD 
display. 
5.2.4 Design 
A simple within-participant design counterbalanced for monitor and static 
conditions was used. Affective preference ratings, HR, and BVP change scores were the 
dependent variables. 
5.2.5 Procedure 
Participants were randomly assigned to a counterbalanced order for viewing either 
a blank monitor or static (visual stimulus only) display on a DVD. Cardiovascular 
responses were recorded during the two displays. The monitor and static conditions were 
preceded by a baseline (eyes-closed) period. There were 4 conditions, 60-s each: baseline 
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monitor, monitor, baseline static, static. After the 240-s recording period, participants 
were asked to rate each condition on a 20-point affective preference scale. 
5.3 Results 
5.3.1 Cardiovascular and behavioral data 
Software designed by the National Aeronautics and Space Administration 
(NASA) at Ames Research Center’s Psychophysiology Laboratory (Cowings & Toscano, 
2006) was used to process the cardiovascular data. Both HR and BVP measures were
derived from the raw photoplethysmograph waveforms. HR processing included peak 
detection of raw pulse waveforms, calculating durations between adjacent peaks to derive 
heart period and its reciprocal HR, and finally averaging contiguous blocks of 10 data 
points to obtain 0.1-s means. BVP processing involved detecting both peaks and troughs 
from the raw waveforms, subtracting peak values from trough values to determine 
relative amplitudes (volume) and block averaging amplitude values to derive 0.1-s 
means. Means for HR and BVP were computed between the eyes-closed baseline and 
each stimulus condition: monitor, static. A mean change score was calculated (stimulus 
condition–baseline) for HR and BVP for each participant. Table 5.1 presents means and 
standard errors for affective preference ratings and cardiovascular change scores by 
monitor and static conditions. 
Paired t tests revealed that mean affective preference ratings, t(23) = 5.28, p < .0001, 
d = 1.558, and mean BVP change scores, t(23) = 3.37, p = .003, d = .950, were higher for
the monitor than for the static condition. No significant difference between the monitor and
static conditions was observed for mean HR change scores, t < 1. The insignificant findings
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for HR may result from the lack of variance for this measure within the brief temporal
window of measurement. A comparison of the variance for HR change and BVP change
 by condition is presented in Table 5.2. 
Paired-sample t tests revealed that the mean variance for BVP change was 
significantly higher than the mean variance for HR change in both the monitor, t(23) = 
2.46, p < .05, d = .711, and static, t(23) = 2.47, p < .05, d = .712, conditions. 
5.4 Discussion 
A higher affective preference rating (e.g., liking) was given by 80% of the 
participants for the monitor relative to the static condition. This behavioral finding was 
consistent with the means for BVP change but not for HR change. The cardiovascular 
data suggested that to obtain a measurable treatment effect within the constraints of such 
a short temporal window, a minimum level of cardiovascular variance was required. This 
proposed requisite minimal variance level was obtained for BVP but not for HR. 
One limitation associated with Experiment 4 was the 60-s interval recording time 
that was too short to allow for HR variability analysis. Nonetheless, because BVP and 
HR covary in opposition to each other, the results suggested that the development of a 
cardiovascular psychophysiological implicit priming paradigm with BVP as the outcome 
measure was feasible for the purpose of examining the mere exposure effect. 
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5.5 Chapter 5 tables 
 Table 5.1 Means (M) and Standard Errors (SEM) for Affective Preference (AP) 
Rating, Heart Rate (HR) Change, and Blood Volume Pulse (BVP) Change  
During Monitor and Static Conditions, Experiment 4 
AP rating HR change BVP change 
Condition M SEM M SEM M SEM 
Static –3.42 0.86 –1.11 0.50 –8.63 23.49 
Monitor 2.88 0.79 –0.94 0.38 109.26 27.06 
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 Table 5.2 Means (M) and Standard Errors (SEM) for Variance of Heart Rate (HR) 
Change and Blood Volume Pulse (BVP) Change During Monitor and Static  
Conditions, Experiment 4 
Variance 
HR change BVP change 
Condition M SEM M SEM 
Static 39.23 4.58 14,030.67 5,676.84 
Monitor 38.63 6.01 11,631.00 4,708.25 
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6.1 Introduction 
Recording cardiovascular responses during the encoding stage of the mere 
exposure effect offers an opportunity to observe whether an affective change occurs, the 
nature of that change, and its association with affective preference during retrieval. The 
goal of Experiment 5 was to design a cardiovascular psychophysiological implicit 
priming paradigm and, based on the principle of individual response specificity (IRS) in 
psychophysiology (Lacey, Bateman, & Van Lehn, 1953), to test it on the same 
participants as in Experiment 4. IRS is defined as the tendency of individuals to show 
similar physiological patterns of response across a set of diverse conditions and has been 
observed with cardiovascular variables (Lawler, 1980; Manuck & Schaeffer, 1978). IRS 
is more stable for simple than for complex tasks. Participants subjected to a single 
word-naming task exhibited characteristic patterns that were reproducible over nine 
months (Lacey, 1950). 
Stimulus response specificity (SR) is the tendency of a stimulus or situation to 
evoke a specific pattern of physiological responses (Engel, 1960). The stability of SR, 
like IRS, also varies with task complexity (Lacey, 1950). The OR and DR are examples
of stable SRs with respect to HR, but are still subject to the principle of IRS. Statistical 
support for the existence of both IRS and SR (Hinz, Selbt, Hueber, Schreinicke, 2000) is 
resolved in psychophysiology by considering that certain stimulus situations elicit a 
hierarchy of responses, but the extent to which a given physiological system reacts is 
modulated by an individual's habitual response pattern (Engel, 1960).
Cardiovascular responses have been used to investigate emotional processing 
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(reviewed in Kreibig, 2010; Kreibig et al., 2007; Rainville et al., 2006; Stephens et al., 
2010). A cardiovascular psychophysiological implicit priming paradigm offers the 
opportunity to observe BVP change during encoding as a function of each individual 
participant’s stimulus-specific response at test. This analysis will provide direct evidence 
as to whether affective processing is occurring during the encoding stage of the mere 
exposure effect and the physiological nature of that affective processing (e.g., increased 
or decreased BVP). This form of direct empirical information may be particularly useful 
in establishing the mechanism for the mere exposure effect and the appropriate 
theoretical placement for the phenomenon. 
The cardiovascular hypothesis was that BVP change at study would be 
significantly greater for nonwords that were later preferred, relative to nonwords that 
were not preferred, at test (mere exposure effect). BVP change was not expected to 
systematically vary for words at study that were later either identified or not identified at 
test (word identification implicit priming). The behavioral hypothesis was that old items 
would be preferred more than expected by chance (mere exposure effect) and identified 
more than new items (word identification implicit priming). 
6.2 Method 
6.2.1 Participants 
The participants were the same as those in Experiment 4. 
6.2.2 Stimuli 
The stimuli were the same as those used in Experiments 2 and 3, except that all 
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stimuli were presented in Geneva font and standard horizontal orientation during both 
study and test. 
6.2.3 Apparatus 
The same hardware and software as that used for Experiments 1-3 was used to 
present study and test stimuli for the mere exposure effect and word identification 
implicit priming. Cardiovascular recording involved the same hardware and software as 
in Experiment 4. 
6.2.4 Design 
Experiment 5 used a simple within-participant design. Participants received the 
mere exposure effect and word identification implicit priming tests, counterbalanced for 
test order and test form. 
6.2.5 Procedure 
The procedure was the same as that used for Experiments 2 and 3, with the 
following procedural modifications made during study: (a) no encoding manipulation (all 
participants read the nonwords and words), (b) no study–test change in stimuli 
presentation (all studied items were presented in Geneva font and standard horizontal 
orientation), (c) an increase in the stimulus on-time from 2,000-ms to 5,000-ms, followed 
by the insertion of a 2,500-ms black slide used to trigger a photosensor whose deflection 
precisely marked the stimulus on–off time, and (d) a photoplethysmograph transducer 
placed on the distal phalanges of the index finger of each participant’s right hand to 
record BVP. The photosensor deflections used to precisely define event and no-event 
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periods for a single participant’s raw BVP data are depicted in Figure 6.1. 
6.3 Results 
6.3.1 Test phase 
6.3.1.1 Test comparisons for old and new items 
The percentage difference scores between old and new items were entered into a 
within-participant (test type: mere exposure effect vs. word identification implicit 
priming) ANOVA with no between-participant factors. The residuals did not show a 
significant departure from a normal distribution for the overall data or within cells. 
Therefore, all analyses were conducted using parametric tests. Consistent with 
Experiments 1-3, the percentage of new items was set to chance (50%) for the mere 
exposure effect due to the forced choice nature of the test. In contrast to Experiments 1-3, 
the ANOVA was run on the percentage scores because no comparison between z 
difference scores can be computed when no between-participant effects are present (e.g., 
in both cases M = 0 and SD = 1). 
The results for percentage difference scores (old–new items) revealed a 
significant effect for test type (mere exposure effect vs. word identification implicit 
priming), F(1, 23) = 18.20, p < .001, partial η 2 = .442. Word identification implicit 
priming (M = 11.81, SEM = 1.79) had significantly higher mean percentage difference 
scores than the mere exposure effect (M = 3.99, SEM = 1.36). To test whether 
participants did significantly better with old than with new items, t tests were conducted 
for the mere exposure effect and word identification implicit priming. Table 6.1 presents 
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means and standard deviations for percentage old and new items by test type. 
6.3.1.2 Cardiovascular and behavioral data 
Means were calculated for BVP (sampled at 0.1-s) for each trial event and 
no-event interval. The information from the photosensor channel was used to mark the 
exact 5,000-ms on-time for each studied item. An event was defined as 6,000-ms: the 
5,000-ms on-time of the stimulus plus the 500-ms fixation cross and 500-ms ISI that 
preceded it. No event was defined as 2,500-ms, the on-time for the black slide that 
followed each stimulus. 
A mean change score for each study trial was computed (event–no event) for 
BVP. Change score means for each study trial were derived from each participant’s 
cardiovascular chart. Then, BVP change scores were categorized based on that particular 
participant’s stimulus-specific response at test: preferred (P), not preferred (NP), 
identified (I), and not identified (NI). This coding method formed the basis for the BVP 
data analyses. Means and standard deviations for cardiovascular data recorded during 
study based on each individual participant’s stimulus-specific responses during test are 
presented in Table 6.2. 
Paired-sample t tests revealed that BVP change scores (event, no event) recorded 
during study for preferred stimuli (P) during test were significantly higher than for 
stimuli that were not preferred (NP) during test, t(23) = 2.90, p < .05, d = .281. No 
significant difference was observed for mean BVP change scores (event, no event) 
recorded during study for stimuli that were either identified (I) or not identified (NI) 
during the word identification implicit priming test, t < 1 for both. Test performance on 
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the mere exposure effect and word identification implicit priming as a function of BVP 
change at study is presented in Figure 6.2. 
6.3.2 Study phase 
6.3.2.1 Study phase RTs and BVP change 
To determine whether encoding processing time caused BVP change at study, 
mean stimulus-specific RTs based on each participant’s stimulus-specific responses at 
test were computed. Means and standard deviations for stimulus-specific RTs during 
study are presented in Table 6.3. 
Stimulus-specific processing time does not explain BVP change at study that 
predicted the mere exposure effect at test for combined data. Reading RTs were longer 
for nonwords than for words, t(23) = 4.28, p < .005, d = .62. 
6.4 Discussion 
The results confirmed both the cardiovascular and behavioral hypotheses. 
Stimulus-specific BVP change at study predicted the mere exposure effect at test. BVP 
change at study was significantly greater for nonwords that were later preferred, relative 
to nonwords that were not preferred, at test (mere exposure effect). There was no 
difference in BVP change for words at study that were later either identified or not 
identified at test (word identification implicit priming). As in the previous experiments, 
affective preference was greater for old items than expected by chance (mere exposure 
effect), and identification was greater for old than for new items (word identification 
implicit priming). 
Greater BVP change associated with a novel stimulus exposed during encoding 
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suggests that the mere exposure effect may be driven by the OR. Increased BVP has been 
both indirectly (as the reciprocal of decreased HR) and directly associated with the 
relaxation response (Benson, 1975, 1983; Benson et al., 1975; Rawson, Bhatnagar, & 
Schneider, 1985) and with relaxation trials during autogenic feedback training (Cowings 
et al., 2001; Cowings & Toscano, 2000). These findings suggest that the OR elicited by a 
novel stimulus of mild to moderate intensity (e.g., encoding stage) and the expected 
gradual attenuation of it upon subsequent exposures (e.g., retrieval stage) may be 
behaviorally manifested as affective preference judgments and subjectively experienced 
as the relaxation response or a transient form of it. 
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6.5 Chapter 6 tables 
Table 6.1 Means (M) and Standard Deviations (SD)    for Percentage of Old and New Items by Test 
Type, Experiment 5 
% Old items % New items 
Test N M SD M SD t      p 
MEEnw 24 53.99 6.67 50.00a — 2.93 .007 
WIPw 24 64.41 15.44 52.60 12.58 6.61 <.001 
 Note. aFor mere exposure effect (MEEnw) the percentage for old items was compared with chance,  
or 50.00, using a 1-sample t test. For word identification implicit priming (WIPw), a paired t test 
was computed. The mean percentage for old items was significantly higher than for new items, with 
a Bonferroni-adjusted alpha level of .025 per test. nw = nonwords; w = words. 
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Table 6.2 Means (M) and Standard Errors (SEM) for Stimulus-Specific Blood Volume 
 Pulse (BVP) Change at Study Based on Stimulus-Specific Responses by Participants at 
Test, Experiment 5 
  MEEnw   WIPw 
P NP I NI 
M SEM  M SEM   M SEM M SEM 
BVP change 11.04 2.58 7.63 2.38 10.96 2.82 11.24 4.06 
Note. MEEnw = mere exposure effect; WIPw = word identification implicit priming;  
P = preferred; NI = not identified; I = identified; NP = not preferred; nw = nonwords; 
w = words. 
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Table 6.3 Means (M) and Standard Deviations (SD) for Stimulus-Specific Response Times (s-sRT) 
in (ms) During Study, Experiment 5 
MEEnw WIPw 
    P NP Total I NI Total 
N M SD M SD M SD M SD M SD M SD 
s-sRT 24 1,179 342 1,189 341 1,184a 338 981 273 1,000 299 991b 283 
Note. Paired-sample t tests revealed no significant differences in stimulus-specific response times  
for preferred (P) and not preferred (NP) stimuli or for identified (I) and not identified (NI) stimuli,  
t < 1. Superscripts for study phase response time comparisons between nonwords used at test for the 
mere exposure effect (MEEnw) and words used at test for word identification implicit priming 
(WIPw) are shown using the letters a and b. Means with different superscripts differ significantly, p 
< .005.  nw = nonwords; w = words. 
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6.6 Chapter 6 figures 
Figure 6.1 Sample of raw blood volume pulse (BVP) data recorded from a single 
participant during the mere exposure effect and word identification implicit priming tests, 
Experiment 5. 
Note. The photosensor was used to precisely mark slide on–off times for stimulus-specific 
BVP change during study. Examples of physiological charts for HR and BVP recorded 
during Experiments 4 and 5 are presented in the Appendices (see A-1 for HR, A-2 for BVP).
Figure 6.2 Test performance for the (a) mere exposure effect, and (b) word 
identification implicit priming as a function of blood volume pulse (BVP) 
change during study, Experiment 5.
Note. Error bars show standard error. Mean BVP change for nonwords preferred 
was greater than for nonwords not preferred on the mere exposure effect test. 
No difference was observed for mean BVP change between words identified and 
words not identified on the word identification implicit priming test.
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CHAPTER 7: Individual Differences in Trait Anxiety Modulate 
the Mere Exposure Effect (Experiment 6)
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7.1 Introduction 
The expression “mere exposure effect” was introduced by Zajonc (1968) to 
describe a ubiquitous phenomenon first observed over a century ago (Fechner, 1876): 
unfamiliar items, when encountered again, elicit increased preference. Despite over four 
decades of extensive scientific inquiry spearheaded by his research, the mechanism for 
the mere exposure effect remains unknown (reviewed in Butler & Berry, 2004; Moreland 
& Topolinski, 2010). Explanatory frameworks for the mere exposure effect include (a) 
positive affect that accompanies attenuation, upon repetition, of a reflexive fear response 
evoked by a novel stimulus (Zajonc et al., 1974); (b) positive affect that is a misattribution  
of fluency gain elicited by repetition of a novel stimulus (Bornstein & D’Agostino, 1994);
(c) positive affect that is inherent to perceptual familiarity and its consequential fluency gain 
(Reber et al., 1998); (d) perceptual priming due to ease-of-processing with no affective 
processing involved (Seamon et al., 1995, 1998); (e) fluency gain caused by stimulus-
specific motor simulations with no affective processing involved (Topolinski & Strack, 
2009); and (f) stimulus-specific cardiovascular vasodilatation during implicit memory 
encoding consistent with the relaxation response and affective processing (Experiment 5). 
The goal of Experiment 6 was to investigate whether general, cognitive, and somatic forms  
of trait anxiety influence the mere exposure effect. Such an influence of an affective trait 
would support the view that the mere exposure effect is modulated by affect.
Although variations on the ease-of-processing explanation for the mere exposure 
effect have received widespread consensus, these explanations are inconsistent with the 
complete absence of a mere exposure effect reported for a neuropsychiatric patient group 
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diagnosed with an affective disorder (e.g., clinical depression; Quoniam et al., 2003) and 
the normal levels obtained for other patient groups whose primary impairments are either 
in cognition (e.g., Alzheimer’s disease, Quoniam et al., 2003; e.g., schizophrenia, Marie 
et al., 2001; e.g., global amnesia, Marin-Garcia et al., 2013) or perception (e.g., 
prosopagnosia, Greve & Bauer, 1990). To my knowledge, although the mere exposure 
effect has been compared between typical and patient groups, there has not been any 
evidence of a relation between normal variation in a trait and the magnitude of the 
nonconscious mere exposure effect. The methodology used to produce the nonconscious
mere exposure effect here is based on (a) the protocol pioneered by Zajonc (1968), (b) its 
evolution over his research years (Kunst-Wilson & Zajonc, 1980; Murphy et al., 1995; 
Zajonc, 2001), and (c) related protocols in behavioral neuroscience that established the 
effect as a form of implicit priming (Marie et al., 2001; Marin-Garcia et al., 2013; 
Seamon et al., 1995; Willems et al., 2002). This prototypical protocol investigates the 
exposure–affect relationship by using meaningless stimuli that do not confound the 
affective processing proposed to be elicited by exposure itself (mere exposure) with 
dissociated study–test instructions so that learning is incidental and automatic. 
Accordingly, studies that do not adhere to the prototypical protocol for the mere 
exposure effect may be more accurately described as investigations of conscious 
preference formation. A case in point is an experiment designed to examine individual 
differences in alexithymia (emotional awareness) and social approach-avoidance 
responses to novel and familiar face stimuli (Campbell & McKeen, 2011). Individual 
differences in alexithymia, considered to function as a trait (Salminen, Saarijärvi, Toikka, 
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Kauhanen, & Äärelä, 2006) were reported to modulate the mere exposure effect in this 
experiment that used positive and neutral face stimuli (p. 342) and was described to
participants, prior to testing, as an investigation of social evaluation judgments (p. 340). 
Here, normal variation in the affective trait of anxiety, a dimensional trait that 
varies widely across individuals, was examined using the prototypical mere exposure 
effect protocol. In its fluctuating form, anxiety can occur so frequently that it is experienced 
as a personality trait (Spielberger, 1966). Anxiety was selected as the salient variable 
because vasodilatation at study predicted affective preference for studied nonwords at test,
but had no predictive value when the retrieval demand was neutral (Experiment 5). 
Stimulus-specific vasodilatation during the encoding stage of the mere exposure effect
is consistent with the relaxation response (Benson, 1975, 1983; Benson et al., 1975) or a 
transient form of it. This finding suggests that the opposite affective state, increased trait 
anxiety, would diminish the mere exposure effect. 
Trait anxiety was measured using both the State–Trait Anxiety Inventory 
(STAI—trait form; Spielberger, Gorsuch, & Lushene, 1970) and the State–Trait 
Inventory for Cognitive and Somatic Anxiety (STICSA—trait form; Gros, Antony,
Simms, & McCabe, 2007). The STICSA measures two forms of trait anxiety, cognitive 
(distressing thoughts) and somatic (physiological hyperarousal). The Positive and 
Negative Affect Schedule (PANAS–trait form; Watson, Clark, & Tellegen, 1988) was 
also used. The trait scales for the STAI, STICSA, and the PANAS have good validity and 
reliability (reviewed in Kaplan & Saccuzzo, 1993; Mackinnon, Jorm, Christensen, 
Korten, Jacomb, & Rodgers, 1999; Watson et al., 1988). 
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In addition to providing a measure for two different types of anxiety, the STICSA 
was constructed to disambiguate anxiety from depressions (Grös et al., 2007). In the 
present experiment, the PANAS was used to further assist in disambiguating anxiety 
from depression. Anxious and depressed individuals both score high on trait negative 
affect (NA) as measured by the PANAS (e.g., Clark & Watson, 1991; Clark, Watson, & 
Mineka, 1994; Joiner & Lonigan, 2000; Laurent, Joiner, & Catanzaro, 2011; Lonigan, 
Carey, & Finch, 1994; Watson & Walker, 1996). A negative or inverse correlation
between trait anxiety and affective preference for studied nonwords in the absence of a 
similar negative correlation for trait NA would suggest that suppression of the mere 
exposure effect is specific to anxiety, rather than a combination of anxiety and
depression. The mere exposure effect is diminished in patients diagnosed with clinical 
depression (Quoniam et al., 2003). This finding suggests that trait positive affect (PA), as 
measured by the PANAS, and affective preference for studied nonwords may be 
positively correlated. However, a negative correlation between trait anxiety and affective 
preference for studied nonwords in the absence of a positive correlation for trait PA 
would also suggest that a suppressed mere exposure effect is specific to anxiety, rather 
than a combination of anxiety and depression. 
In the present correlational study, each participant completed self-report 
inventories that measured general, cognitive, and somatic forms of trait anxiety as well as 
positive and negative affective traits prior to completing a computerized version of the 
mere exposure effect test (study and test phases). At study, participants read novel 
nonwords into a voice response relay; at test, studied and unstudied nonwords were 
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presented in pairs and participants pressed the key directly in front of the nonword that 
they preferred. Based on evidence that the relaxation response may drive nonconscious 
preference formation (Experiment 5) and emotional abnormalities may reduce this effect 
(Quoniam et al., 2003), it was hypothesized that there would be a negative correlation 
between general, cognitive, and somatic forms of trait anxiety and preference for studied 
nonwords as measured by the mere exposure effect. The PANAS was used to provide 
supporting evidence that trait anxiety alone is sufficient to produce a diminished mere 
exposure effect in typical participants. 
In order to examine possible cognitive influences that may also underlie the mere 
exposure effect, processing fluency was measured by (a) vocal response times for reading 
studied nonwords that were subsequently preferred relative to not preferred at test, and 
(b) manual response times for studied and unstudied nonwords that were preferred 
relative to not preferred at test. 
7.2 Method 
7.2.1 Participants 
In Experiment 6, conducted at the Massachusetts Institute of Technology (MIT),
all volunteers provided informed consent and received monetary compensation for their 
participation. Participants were 9 men (age: M = 28.67 years, SD = 6.58) and 15 women
(age: M = 24.67 years, SD = 4.99) who were selected from the general and student
7.2.2 Trait anxiety measures 
The 20-item STAI–trait form (Spielberger et al., 1970) and the 21-item STICSA–trait 
population in Boston, Massachusetts. 
91
form (Grös et al., 2007) were used. Total score was the data for each measure. 
7.2.3 Trait general affect measure 
The self-report trait general affect measure consisted of the 20-item PANAS–trait 
form (Watson et al., 1988). Positive (PANASpos) and negative (PANASneg) trait affect 
was measured by total score for each scale. 
7.2.4 Mere exposure effect measure 
The mere exposure effect measure was the same as that used in Experiments 1-3 
and 5, with the only exception occurring during the test phase. Rather than indicating 
affective preference for studied and unstudied nonwords with a verbal response (e.g., left 
or right) participants gave a manual response on the keyboard (see section 7.2.6 below for 
the specific procedure). 
7.2.5 Processing fluency measures 
Mean of median response times (ms) for study phase reading (RTv) and test phase 
manual input of affective preference judgments (RTm) were the data used to measure 
processing fluency during the study and test phases, respectively. 
7.2.6 Procedure 
When participants arrived at the Clinical Research Center on the MIT campus, 
written consent was obtained to a protocol approved by the Committee on the Use of 
Humans as Experimental Subjects (COUHES). Before and after the mere exposure effect 
test was administered using a Macintosh computer and PsychLab software, version 1.092, 
participants filled-out self-report inventories for trait anxiety and trait general affect that
were presented in the same order (STAI, STICSA, PANAS). For the study phase of the
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mere exposure effect test, participants were told to read each nonword presented on
the monitor as quickly and accurately as possible. The subsequent test phase was
not mentioned. Participants were given 5 practice trials. Each trial began with a
fixation cross presented for 500-ms followed by a 500-ms ISI and then a nonword for
2,000-ms. Reading response times (RTv) were collected with a voice-activated relay
connected to a computer and activated by a microphone. Each item’s RTv initiated the 
next trial. After the study phase, participants were told that (a) each of their index
fingers was to continually rest on the right (R) or left (L) key on the keyboard, (b) two
paired nonwords would appear in the center of the monitor, and (c) their task was to use 
their index fingers to press the key that was directly across from the nonword that they 
preferred (R or L key). No reference was made to the study list. On the keyboard, the  
"o" key was relabeled R and the “r” key was relabeled L so that during the test phase
participants pressed the key that was directly across from the preferred item. During the
5 practice trials and test phase, a fixation cross was presented for 500-ms followed by 
a 500-ms ISI. Then, two nonwords were presented side by side. PsychLab software 
recorded manual response times (RTm) along with the R and L inputs for each item. 
Each item’s RTm initiated the next trial. 
7.3 Results 
7.3.1 Baseline self-report measures 
Table 7.1 lists the means, standard deviations, and correlation matrix for the trait forms
of the baseline self-report measures. Baseline scores were used because trait anxiety is a stable
affective dimension that does not fluctuate over time (reviewed in Kaplan & Saccuzzo, 1993).
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Pearson’s correlations were conducted and revealed positive significant associations
among the STAI, STICSAcog, STICSAsom, and PANASneg measures, indicating that
higher scores on one scale were associated with higher scores on the other scales. The
PANASpos was significantly correlated with the STAI and PANASneg in a negative 
direction, indicating that higher scores on the STAI and PANASneg scales were associ- 
ated with lower scores on the PANASpos. No significant relationship was observed 
between the PANASpos with the STICSAcog and STICSAsom measures.
7.3.2 Reliability of baseline and posttest self-report measures 
Each of the self-report measures showed strong reliability from baseline to 
posttest. The following Pearson’s correlations were obtained between the baseline and
posttest scores: STAI (r = .99), STICSAcog (r = .96), STICSAsom (r = .92), PANASneg 
( r = .97), and PANASpos (r = .96). All correlations were significant (ps < .001). 
7.3.3 Mere exposure effect 
The mere exposure effect was obtained because participants preferred studied 
nonwords (M = 59.03, SD = 15.33) greater than chance, one-tailed t(23) = 2.89, p = .004, 
d = .59).
7.3.4 Test comparisons for z difference scores 
 In order to compare distributions where measurement was based on different 
scales, raw scores were converted to z scores. Then, a series of simple linear   regressions
were conducted predicting preference for studied nonwords from each  of the measures 
individually. Analyses were computed individually due to the   strong   correlations 
between the anxiety measures and also because of the small sample size.   Similar to the
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trait anxiety measures, preference scores for studied  nonwords were    evaluated for 
outliers and for distribution normality. No outliers were found and the distribution 
did not differ significantly from normal. All scores were within ± 2.5 standard   
deviations of their respective means.
STAI (r = -.34, p < .05) was a significant negative predictor of preference for 
studied nonwords  (see Figure 7.1). STICSAcog (r = -.50, p = .006) was the strongest 
negative predictor  (see Figure 7.2) and STICSAsom (r = -.29, p = .08) was a marginally     
 significant negative predictor (see Figure 7.3). A stepwise regression including each of 
the trait anxiety measures as predictors for studied nonwords was also conducted. In the
final model, only STICSAcog   scores were included and the other two trait anxiety
measures were excluded, F(1, 22) = 7.43, p = .006, r2 = .253.  This analysis provides
further evidence that STICSAcog (β = -.50, p = .006) is the best predictor of lower 
preference for studied nonwords. STICSAsom (p = .499) and  STAI (p = .221) did not 
provide any additional predictive information to the model.
No significant correlation was observed between either the PANASneg or the 
PANASpos and preference for studied nonwords, rs < .18.
7.3.5 Study and test phase RTs and preference 
RT analyses were used to examine the alternative hypothesis that test 
performance is a function of processing fluency during study (e.g., RTv) or test (e.g., 
RTm). Median RTv for studied nonwords that were subsequently preferred (M = 1328.6; 
SD = 415.1) and not preferred (M = 1367.8; SD = 103.9) at test did not significantly 
differ, t(23) = .72, ns, d = .13. Median RTm for either studied or unstudied nonwords that 
were preferred (M = 1278.2; SD = 451.4) and not preferred (M = 1327.4; SD = 454.6) at 
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test, also did not significantly differ, t(23) = .90, ns, d = .11. 
7.4 Discussion 
These results suggest that the mere exposure effect is mediated, at least in part, by 
affective processes. Trait anxiety, an affective dimension that varied widely across 
individuals in a normal sample, influenced the mere exposure effect. Greater trait anxiety 
was associated with reduced preference for repeated nonwords. Among trait anxiety 
measures (general, cognitive, and somatic), a stepwise regression provided evidence that 
cognitive trait anxiety (distressing thoughts) was the best predictor of a reduced mere 
exposure effect. No significant correlation was observed for either trait NA or PA as 
measured by the PANAS and affective preference for studied nonwords. This finding 
suggests that anxiety, rather than the combination of anxiety and depression, modulates 
the mere exposure effect in typical participants. 
The finding that greater trait anxiety is associated with decreased preference for 
studied nonwords is consistent with the cardiovascular results reported during the 
encoding stage of the mere exposure effect (Experiment 5). Vasodilatation as measured 
by BVP, the relative reciprocal of HR, during the encoding stage of the mere exposure 
effect predicted affective preference during retrieval. Because decreased HR is a core 
component of a PNS–dominant pattern referred to as the relaxation response (Benson, 
1975, 1983; Benson et al., 1975), the affective processing that drives the mere exposure 
effect may be the relaxation response. Accordingly, anxiety, the opposite of relaxation, 
would be expected to suppress the effect. It is, however, surprising that cognitive trait 
anxiety (distressing thoughts), rather than somatic trait anxiety (physiological 
96
hyperarousal), was the best predictor of the mere exposure effect. An inverse relationship 
between somatic trait anxiety and preference for studied nonwords approximated 
significance (p = .08), but the best predictor of lower preference for studied nonwords was
cognitive trait anxiety (p = .006). It may be that participants under reported a change in 
physiology relative to a change in thoughts on the trait anxiety measures. However, the 
cardiovascular findings are consistent with the response specificity observed in a study on 
the psychophysiology of worrying: increased HR was associated with distressful thoughts 
and decreased HR was associated with relaxing thoughts (Hofmann, Moscovitch, Litz, 
Kim, Davis, & Pizzagalli, 2005). 
Trait anxiety has not been previously investigated with the nonconscious mere 
exposure effect using the prototypical protocol pioneered by Zajonc (1968, 1980, 2001). 
One study did investigate trait anxiety and preference using a conscious preference 
formation protocol (Schick, McGlynn, & Woolam, 1972). Although the study is charact- 
erized by its title as an examination of the perception of cartoon humor, familiarity, and 
anxiety level, the familiarity procedure was described as the mere exposure effect test. 
Participants were instructed that the purpose of the study was to evaluate humor in 
cartoon strips (p. 23). These instructions encouraged awareness of the relationship 
between study and test. Unlike meaningless words or Chinese characters, the stimulus 
materials were Peanuts and redrawn cartoons that have inherent emotional qualities. 
The method of stimulus presentation was a booklet with one cartoon strip (either familiar 
or novel) on each page. Group testing with booklets did not allow for the precise control
of stimulus on–time or ISI. The method of data collection was a separate test booklet
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with instructions and a rating scale for each cartoon. The preference measure was
indirect (e.g., humorous ratings) rather than affective preference judgments or liking
ratings. With a large sample, N = 203 (p. 24), the interaction between anxiety level, 
familiarity, and cartoon blocks approximated significance (p = .063). This experiment 
used the Taylor Manifest Anxiety Scale–trait form that correlates well with the 
STAI–trait form (Kaplan & Saccuzzo, 1993). A comparison of mean ratings for blocks of
familiar and unfamiliar cartoons by high and low anxiety groups revealed that the 
high trait anxiety group relative to the low trait anxiety group rated the familiar stimuli
as more humorous (p. 24). This finding, the reverse of the results observed here, suggests 
that different mechanisms may underlie conscious and nonconscious preference
formation. This same pattern of opposite test performance was observed for conscious and 
nonconscious preference formation when study–test shifts in perceptual variables were 
examined (see section 3.4, Discussion, Experiment 2).
The present results seem inconsistent with the processing fluency account of the 
mere exposure effect. Although processing fluency may occur at many levels of 
perceptual, cognitive, and motoric analyses, response times at encoding and retrieval, 
respectively, were not significantly associated with affective preference judgments. 
Investigators proposing that the mere exposure effect can be explained by processing 
fluency, rather than affect, have used procedures that overlap encoding and retrieval 
performance demands (e.g., requiring liking ratings at both study and test) or instructions 
that connect study to test (e.g., suggesting stimulus repetition). This methodology 
encourages awareness of the relationship between study and test stimuli and the results 
98
generated from it are, most likely, a description of conscious preference formation (e.g., 
Hupbach et al., 2006; Lawson, 2004; Topolinski & Strack 2009, Experiments 1-3, all 
groups except one; Topolinski & Strack, 2010, Experiment 3). 
The influence of an affective factor on the mere exposure effect is consistent with 
the ascendency of affect explanation originally posited by Zajonc (1968, 1980, 2001) and
further supported here by the cardiovascular evidence at encoding (Experiment 5). Finally, 
these findings offer a possible insight into cognitive anxiety. People with greater trait 
anxiety, and in particular those with greater cognitive trait anxiety, failed to exhibit the 
gains in positive affect for repeated items that were exhibited by people with lesser trait 
anxiety. It may be that one aspect of anxiety is the failure to find positive affect in the 
repeated experiences that are pervasive in our lives. 
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7.5 Chapter 7 tables 
Table 7.1 Correlations, Means (M), and Standard Deviations (SD) of Self-Report Measures, Experiment 6 
Variable 1 2 3 4 5 
1. STAI
2. STICSAcog 0.84 *** 
3. STICSAsom 0.50 * 0.59 ** 
4. PANASneg 0.90 *** 0.75 *** 0.40 ** 
5. PANASpos –0.43 * –0.32 –0.10 –0.43 *
N   24     24     24     24    24 
M   43.75 21.50 16.38 18.43 33.08 
SD   13.65 6.42 5.54 6.92 5.81 
Note. Two-tailed significance. *p < .05; **p < .01; ***p < .001 
Prior to conducting Pearson’s Product-Moment Correlations (Pearson’s correlations), each of these measures was checked  
for normality and outliers. None of the measures had a distribution that was significantly different from the normal 
distribution (ps > .05). Boxplots of each of these measures revealed no extreme outliers (greater than three times the width 
of the box either above or below the mean). All scores were within ± 2.5 SD of their respective Ms, except PANASneg 
with one outlier that was removed for this and all subsequent analyses. 
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7.6 Chapter 7 figures 
Figure 7.1 Scatterplots of standardized-scores for the State–Trait Anxiety 
Inventory (STAI–trait form) with preference for studied nonwords,  
Experiment 6. 
Note. Ms and SDs for raw data, from which the standardized-scores   were
derived, were computed for preferred studied nonwords (M = 14.17, SD = 3.68)
and STAI (M =  43.75, SD = 13.65). The STAI was a significant negative 
predictor: higher trait anxiety was associated with lower preference scores for
studied  nonwords. 
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Figure 7.2 Scatterplots of standardized-scores for the cognitive scale of the 
State–Trait Inventory for Cognitive and Somatic Anxiety (STICSAcog–trait 
form) with preference for studied nonwords, Experiment 6. 
Note. Ms and SDs for raw data, from which the standardized-scores  were 
derived, were computed for preferred studied nonwords (M = 14.17, SD = 3.68) 
and  STICSAcog (M = 21.50, SD = 6.42). The STICSAcog was the most 
significant negative predictor: higher cognitive trait anxiety was associated with 
lower preference scores for studied nonwords.
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Figure 7.3 Scatterplots of standardized-scores for the somatic scale of the  
State–Trait Inventory for Cognitive and Somatic Anxiety (STICSAsom–trait 
form) with preference for studied nonwords, Experiment 6. 
Note. Ms and SDs for raw data, from which the standardized-scores   were derived,
were computed for preferred studied nonwords (M = 14.17, SD = 3.68) and
STICSAsom  (M = 16.38, SD = 5.54). The   STICSAsom showed the same inverse 
relationship between higher somatic  trait  anxiety and lower   preference  scores for
studied nonwords as the STAI and the STICSAcog measures. 
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CHAPTER 8: Influence of State Anxiety on 
the Mere Exposure Effect (Experiments 7a and 7b) 
104
8.1 Introduction 
Using a prototypical mere exposure effect protocol (Zajonc, 1968; Kunst-Wilson 
& Zajonc, 1980; Marie et al., 2001; Marin-Garcia et al., 2013; Seamon et al., 1998;
Willems et al., 2002), greater anxiety, as a personality trait, was associated with a 
reduction in affective preference judgments for novel, repeated stimuli (see Experiment 
6). Trait, or chronic, anxiety reflects the history of state, or transient, anxiety so that trait 
and state anxiety are highly correlated across a variety of groups and settings  
(e.g., Horikawa & Yagi, 2012; Spielberger, 1966; Spielberger et al., 1983). The 
goal of Experiment 7 was to examine the relationship between state anxiety and the  
mere exposure effect using a correlational and an experimental design.
Inducing state anxiety has been accomplished by tasks that differ in cognitive 
demand but without regard to specificity with respect to the type of cognition (e.g., 
function as described by neuropsychologists) and its proposed neuroanatomical substrates 
(reviewed in Rossi & Pourtois, 2013; Spielberger et al., 1983). Although the exact level 
of cognitive demand necessary to evoke state anxiety is unknown, increasing the level of
cognitive demand is expected to increase the level of state anxiety because of the
considerable evidence that state anxiety is typically low when a task is easy and is higher
as a task becomes more difficult (reviewed in Eysenck, 1982; Sieber, O'Neil, & Tobias,
1977; Zeidner, 1998). This evidence includes positive correlations between scores on the
STAI–state form and systolic blood pressure with a computer-assisted learning task at
low and high levels of difficulty (O'Neil, Spielberger, Hansen, & Duncan, 1966).
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Cognitive demanding processes include the regulation and control of working 
memory, abstract thinking, task flexibility, problem solving, planning, and execution. 
These cognitive processes are collectively referred to as the executive functions (Strauss, 
Sherman, & Spreen, 2006). Cognitive flexibility is considered the hallmark of the
executive functions and is measured by a class of tasks that demand cognitive-switching; 
these tasks are designed to assess an individual’s ability to abandon a previous response in
order to generate a novel one in the presence of unanticipated environmental cues (Lezak,
Howieson, Bigler, & Tranel, 2012).
The goal of Experiment 7a was to develop a computerized version of an executive 
function test normally used in a clinical setting, revise it for an experimental protocol, 
and test it on a preliminary sample of participants. The purpose of the executive function 
test revision was to induce different levels of state anxiety by varying task difficulty 
related to a specific cognitive function, cognitive-switching. The executive function test 
selected for this purpose was the Color-Word Interference Test (CWIT) that is included
in the Delis—Kaplan Executive Function System (D—KEFS; Delis, Kaplan, & Kramer,
2001a, 2001b). Computerization and revision of the CWIT for use in an experimental 
protocol (CWITexp) is consistent with the purpose of the D–KEFS: "In addition to its
clinical uses, the D–KEFS also was developed to assist researchers in charting the neural 
substrates of the highest forms of human cognition" (Delis et al., 2001a, p. 15). 
In the CWITexp, low and high cognitive demanding tests were constructed 
based on the absence or presence of cognitive-switching tasks. The Low Cognitive 
Demand (LCD) test consisted of the traditional Stroop (1935) conditions abstracted from 
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the original CWIT (cognitive-switching tasks = 0). The High Cognitive Demand (HCD) 
test consisted of one cognitive-switching task derived from the original CWIT and three 
additional new cognitive-switching tasks (cognitive-switching tasks = 4). 
In Experiment 7a, once the LCD and HCD tests were constructed, they were 
computerized using SuperLab software and tested on a preliminary sample of participants 
to validate that varying the difficulty level of an executive function test could be achieved 
by varying the number of cognitive-switching tasks. It was hypothesized that the HCD 
test would be more difficult than the LCD test. It was also hypothesized that cognitive- 
switching tasks presented in a series within the HCD test would progressively increase
in cognitive demand (e.g., difficulty). Cognitive demand was assessed for test conditions
and overall score by measuring error rates and response times. 
The goal of Experiment 7b was to test the hypothesis that state anxiety, similar to 
trait anxiety, would be associated with a diminished mere exposure effect. This hypothesis
was tested in two ways. First, greater state anxiety was expected to be associated with
reduced preference for studied nonwords (correlational analysis). Second, higher state
anxiety due to increased cognitive demand was expected to produce a diminished mere
exposure effect relative to lower state anxiety (experimental design). The mean for each
state anxiety measure (combined baseline and posttest) was used for the correlational
analysis because state anxiety, defined as a transient and fluctuating affective state, is
expected to vary across situations (e.g., Kaplan & Saccuzzo, 1993). The mean difference
(posttest–baseline) for each state anxiety measure was used for the experimental analysis
because it was expected that the level of state anxiety (low, high) would be manipulated
107
by cognitive demand. 
State anxiety was measured using both the STAI—state form (Spielberger et al., 
1970) and the STICSA—state form (Grös et al., 2007). The STICSA measures two forms 
of state anxiety, cognitive (distressing thoughts) and somatic (physiological 
hyperarousal). The PANAS–state form (Watson et al., 1988) was also used. The state 
scales for the STAI, STICSA, and the PANAS have good validity but are not expected to 
have strong reliability because state anxiety is defined as transient and expected to 
fluctuate (reviewed in Kaplan & Saccuzzo, 1993; Mackinnon et al., 1999; Watson et al., 
1988). 
In Experiment 7b, each participant completed self-report inventories that 
measured general, cognitive, and somatic forms of state anxiety as well as negative and
positive affective states. To insure that general affective states were approximately equal 
between these groups at the beginning of the study, participants were assigned to either
the LCD or the HCD group based on their negative and positive state scores (NA, PA) on 
the PANAS. Participants were administered either the LCD or the HCD test followed by 
both the mere exposure effect test (the same as that administered in Experiment 6) and the
same state anxiety inventories as those administered at pretest. 
In Experiment 7b, as in Experiment 6, possible cognitive influences that may also 
underlie the mere exposure effect were examined. Processing fluency was measured by 
(a) vocal response times for reading studied nonwords that were subsequently preferred 
relative to not preferred at test, and (b) manual response times for studied and unstudied 
nonwords that were preferred relative to not preferred at test. 
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8.2 Method—Experiment 7a 
8.2.1 Participants 
In Experiment 7a, 12 men (age: M = 24.42 years, SD = 5.90) and 12 women 
(age: M = 25.07 years, SD = 5.66) lower division students at West Valley College, a 
community college in California, provided informed consent before participating in this
experiment and received course credit as compensation for their participation.
8.2.2 Modification of an existing executive function test 
The Color-Word Interference Test (CWIT), one of the assessment instruments
included in the Delis—Kaplan Executive Function System (D—KEFS; Delis, Kaplan, &
Kramer, 2001a, 2001b), was modified for use in this experimental protocol. The CWIT 
was originally designed to increase the sensitivity of differential diagnosis for patient
groups with brain disorders. Designed for clinical settings, the CWIT is administered
using the traditional paper-and-pencil format. Conditions 1-3 (C1-C3) are modeled after 
the classic Stroop (1935) and consist of the three traditional conditions: (a) naming color 
patches, (b) reading words that denote colors and are printed in black ink, and (c) 
inhibiting the more automatic task of reading the words denoting colors to name the 
dissonant ink colors in which the words are printed (interference condition). Condition 4 
(C4) is a cognitive-switching task. In C4, participants are told that when a word is not 
inside a box, their task is to “name the ink color.” However, when a word is inside a box, 
their task is to “read the word." 
 The revised version of this test for use in an experimental protocol (CWITexp) 
was completed in three phases. In phase 1, the number of trials in the clinical instrument 
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was increased from 50 to 60 so that the number of words denoting colors and the ink
colors used for them (blue, red, and green; 30 for each type) were equal. In phase 2, 
additional cognitive-switching tasks were designed (E. Kaplan, personal communication, 
9/26/2007). In the CWITexp, condition 5 (C5) was a reversal of C4, the original and only 
cognitive-switching task in the CWIT. However, conditions 6 and 7 (C6, C7) required new 
cognitive-switching demands (see Table 8.1). In phase 3, SuperLab version 4.5, on a Dell 
computer was used to create a program that would run the LCD and HCD tests created in the 
CWITexp. The LCD test of the CWITexp was comprised of C1-C3 and included a color 
naming interference condition but did not include a cognitive-switching task. The HCD 
test of the CWITexp used these same conditions followed by four cognitive-switching tasks 
(C4-C7) presented in a series. The stimulus on–time for all conditions was self-paced up to  
3,000-ms, which if exceeded initiated the next trial.
Because feedback during the development phase indicated that there was a 
tendency to simply “give up” and “guess,” the rule that guided a correct response was 
located in the upper left hand corner of each slide (C3-C7). Figure 8.1 presents an 
example of a slide. General instructions and those for each condition were created for the 
CWITexp and was presented on the computer monitor. Table 8.1 presents the instructions 
for each condition.
8.2.3 Procedure 
Participants were tested individually and began the experiment by reading the 
general instructions presented on the computer monitor. 
In this experiment, there are several conditions. During all the conditions 
you will be wearing these headphones. Notice that there is a microphone 
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attached to the headphones. Please put the headphones on now. Adjust 
them so that they feel comfortable to you. Before each condition, you will 
be given specific instructions. You will also be given a few practice trials. 
We are now ready to begin Condition 1. Again, on the next slide you will 
be given specific instructions that will be followed by practice trials. Do 
you have any questions so far? 
After reading these general instructions, the specific instructions for each condition were 
presented in sequence prior to 5 practice trials. Participants were given the opportunity to 
ask questions before and after the practice trials. The same sequence of events was 
repeated until each participant completed all the test conditions. Participant responses 
across test conditions were given verbally and recorded by the experimenter. All 
participants wore headphones attached to a microphone that allowed their reading 
response times (RTs) to be recorded on each trial for all conditions. 
8.3 Results—Experiment 7a 
8.3.1 Comparison of difficulty for LCD and HCD tests 
Test performance for LCD and HCD test groups was evaluated by comparing 
both total errors and the mean of median RTs. Because the data for errors was
discontinuous and not normally distributed, a Wilcoxon Signed Ranks test was employed. 
This test uses the rank of the data instead of the mean and is the nonparametric equivalent 
to a paired-samples t test. The total number of errors was significantly greater for the 
HCD (M = 22.7, Mdn = 15.0, SD = 22.0) relative to the LCD test groups (M = 0.9, Mdn = 
0.0, SD = 1.6), Z = 4.37, p < .0001. 
Because the median RT data was continuous and met the assumption of 
normality, a one-tailed unpaired t test was used to compare the mean of the median RTs 
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for the LCD and HCD groups. The mean of the median RTs for the HCD test group
(M = 6508.8, SD = 1158.8) was significantly slower relative to the LCD test group
(M = 1979.0, SD = 236.8), paired one-tailed t(25) = 21.18, p < .00001).
8.3.2 Evaluation of difficulty by condition for HCD test 
To determine whether the computerized version of the CWIT tasks (C1-C4) and 
those newly designed for this experiment (C5-C7) that comprised the HCD test were 
progressively more difficult, total errors were calculated by condition (C1-C7). The 
Friedman’s Test revealed that the errors across conditions were significantly different 
from each other, χ2 (6) = 61.32, p < .001. Table 8.2 presents the post hoc analyses done 
using the Wilcoxon matched pair test, a nonparametric version of a paired t test. Total 
errors for C3 (naming the ink color) was significantly greater relative to C2 (reading 
words denoting colors that were printed in black ink). Total errors for C4 (the first 
cognitive-switching task) were significantly greater relative to C3 (naming the ink color). 
All other comparisons between conditions were insignificant, t < .30. 
To determine whether processing time differed between C1-C7 for the HCD test 
group, a repeated measures ANOVA was calculated for the mean of median RTs across the 
seven conditions. A significant main effect was obtained, F(6, 25) = 129.62, p < .0001. 
Table 8.3 presents the post hoc analyses for the mean of the median RTs for C1-C7 of the 
CWITexp. These results indicate that there was a significant and progressive increase in 
RTs for C2-C6 of the CWITexp. Total median RTs (divided by 100) was also calculated 
by condition. Figure 8.2 presents a graph of the total errors (Figure 8.2a) and total median 
RTs (Figure 8.2b) for C1-C7. 
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8.4 Method—Experiment 7b 
8.4.1 Participants 
In Experiment 7b, conducted at the Massachusetts Institute of Technology (MIT), all 
volunteers provided informed consent and received monetary compensation for their partici- 
pation. The 18 men (age: M = 24.72 years, SD = 4.07) and 30 women (age: M = 23.93, SD = 
4.71) were selected from the general and student population in Boston, Massachusetts. 
8.4.2 State anxiety measures 
The self-report state anxiety measures consisted of the 20-item STAI–state form 
(Spielberger et al., 1970) and the 21-item STICSA–state form (Grös et al., 2007). Total 
score was the data for each measure. 
8.4.3 State general affect measure 
The self-report state general affect measure consisted of the 20-item PANAS–
state form (Watson et al., 1988). Positive (PANASpos) and negative (PANASneg) state 
affect was measured by total score for each scale. 
8.4.4 LCD and HCD tests 
These tests were based on the CWITexp (see Experiment 7a). The LCD test was 
the traditional Stroop test and did not contain a cognitive-switching task. The HCD test 
contained four cognitive-switching tasks. The data used to measure task difficulty for 
these measures was the sum of errors and the mean of the median RTs. Consistent with 
the process approach (Kaplan, 1990), error data was inclusive (no outliers were 
removed). Median RT data was also inclusive, with the only exception being the 
exclusion of a missed RT as noted by the software. 
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8.4.5 Mere exposure effect measure 
The mere exposure effect measure was the same as that used in the previous 
experiment (section 7.2.4, Experiment 6). 
8.4.6 Processing fluency measures 
Mean of median response times (ms) for study phase reading (RTv) and test phase 
manual input of affective preference judgments (RTm) were the data used to measure 
processing fluency during the study and test phases of the mere exposure effect test. 
The designation RT (without a subscript) was used to denote reading response 
times for the LCD and HCD tests created in the CWITexp to distinguish this measure 
from RTv or RTm (with subscripts) used for the mere exposure effect test. 
8.4.7 Procedure 
Participants were tested in the Clinical Research Center on the MIT campus after 
written consent was obtained to a protocol approved by the Committee on the Use of 
Humans as Experimental Subjects (COUHES). Self-report inventories, presented in the 
same order, were completed: the STAI–state form (Spielberger et al., 1983), the 
STICSA–state form (Grös et al., 2007), and the PANAS–state form (Watson et al., 1988). 
Participants were then relocated to a waiting room for 10-minutes. This allowed the 
experimenter to calculate their PANAS–state scores for the PA and NA scales. 
Participants were assigned to either the LCD or HCD test group based on their PA and 
NA scores so that these groups were approximately equal on general emotional state. 
Participants were administered either the LCD or the HCD test. The overall general and 
specific (by condition) test instructions and the rule that guided a correct response on 
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each slide are described in Experiment 7a. After completing either the LCD or HCD test, 
each participant was given the mere exposure effect test using the same instructions, 
hardware, and software as that described in the previous experiment (see section 7.2.6, 
Experiment 6). Following the completion of the mere exposure test, the same state 
anxiety inventories, presented in the same order (STAI, STICSA), were administered. 
8.5 Results—Experiment 7b 
8.5.1 State anxiety measures and outliers 
State anxiety measures were administered to a total of 48 participants. Data points 
more than ± 2.5 SD from the mean were considered outliers: baseline STAI (3 outliers), 
baseline STICSAcog and STICSAsom (1 outlier each), post STAI and post STICSAcog 
(2 outliers each) and post STICSAsom (2 outliers). Rather than removing outliers for each 
measure, 5 participants were removed from the experiment. All analyses were computed 
on 43 participants. 
8.5.2 Means for state anxiety measures 
Table 8.4 lists the means, standard deviations, and correlation matrix for mean
(baseline and posttest) state anxiety measures: STAI, STICSAcog, and STICSAsom. Means
were used for these analyses because state anxiety by definition fluctuates over time
(reviewed in Kaplan & Saccuzzo, 1993). State anxiety measures were positively correlated
with each other.
8.5.3 Reliability of baseline and posttest state anxiety measures
 Each of the state anxiety measures showed strong reliability from baseline to 
posttest. The following Pearson’s correlations were obtained between the baseline and 
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posttest: STAI (r = .399), STICSAcog (r = .755), STICSAsom (r = .471). All correlations 
were significant (ps < .01). Consistent with their respective definitions of stable versus 
transient dimensions of affect, stronger reliability was observed for measures of trait 
anxiety (see section 7.3.2, Experiment 6) relative to those for state anxiety. 
8.5.4 General affect measure and group assignment 
Based on their PANASneg and PANASpos scores, participants were assigned to 
either the LCD or HCD test group, so that general emotional state did not significantly 
differ between these groups at the beginning of the experiment, each t < 1.5. 
8.5.5 Comparison of difficulty for LCD and HCD tests 
Performance for LCD and HCD test groups was evaluated by comparing both 
total errors and mean of median RTs. Because the data for errors was discontinuous and 
not normally distributed, a Mann-Whitney test was employed. This test uses the rank of 
the data instead of the mean and is the nonparametric equivalent to an independent- 
samples t test. Consistent with the preliminary results reported in Experiment 7a, the total 
number of errors was significantly greater for HCD (M = 21.5, Mdn = 18.0, SD = 19.1) 
relative to LCD test groups (M = 0.3, Mdn = 0.0, SD = 0.6), Z = 5.72, p < .0001, d = 1.57. 
Because median RT data was continuous and met the assumption of normality, a 
one-tailed unpaired t test was used to compare the mean of median RTs for LCD and HCD 
test groups. Again, consistent with the preliminary results reported in Experiment 7a, the 
mean of median RTs for HCD (M = 1039.3, SD = 145.4) was significantly slower relative 
to LCD test groups (M = 690.0, SD = 93.6), t (41) = 9.32, p < .0001, d = 2.86. 
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8.5.6 Evaluation of difficulty by condition for HCD test 
In order to compare the difficulty level of the CWITexp tasks, total errors were 
calculated by condition (C1-C7). The Friedman’s Test revealed that the errors across 
conditions were significantly different from each other, χ2 (6) = 60.18, p < .001, Kendall’s 
W = .456. Table 8.5 presents the post hoc analyses done using the Wilcoxon matched pair 
test, a nonparametric version of a paired t test. Total errors for C3 (naming the ink color) 
was significantly greater relative to C2 (reading words denoting colors that were printed 
in black ink). Total errors for C4 (the first cognitive-switching task) were significantly 
greater relative to C3 (naming the ink color). All other comparisons between conditions 
were insignificant, Z < .40. 
To determine whether processing time differed between C1-C7 for the HCD test 
group, a repeated measures ANOVA was calculated for the mean of median RTs. A 
significant main effect was obtained, F(6, 126) = 110.42, p < .0001, partial η2 = .840. 
Table 8.6 presents the post hoc analyses for the mean of the median RTs for C1-C7 for 
the HCD test group. These results indicate that significant and progressively slower 
median RTs were produced for C2-C6 for the HCD test groups. Total median RTs 
(divided by 100) were also calculated by condition. Figure 8.3 presents a graph of the 
total errors (Figure 8.3a) and total median RTs (Figure 8.3b) for C1-C7. 
8.5.7 Modulation of state anxiety in the laboratory 
In order to determine whether LCD and HCD tests induced low and high levels of 
state anxiety, respectively, a mixed-variable ANOVA with cognitive demand and time of 
testing was computed for each state anxiety measure: STAI, STICSAcog, and 
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STICSAsom. Results for STAI revealed no effect of cognitive demand (LCD, HCD), 
time of testing (baseline vs. post), or interaction between cognitive demand and time of 
testing, F < 1.0. For the STICSAcog and STICSAsom measures, no significance was 
obtained for cognitive demand and the interaction between cognitive demand and time of 
testing, F < 1.0. However, a significant effect was revealed for time of testing, but in 
opposite directions. Greater cognitive state anxiety was experienced at baseline (M = 
16.93, SD = 5.35) than at posttest (M = 15.14, SD = 5.63), F(1, 41) = 4.48, MSE = 69.10, 
p = .04, d = .33. In contrast, greater somatic state anxiety was experienced at posttest (M 
= 15.19, SD = 3.14) than at baseline (M = 13.98, SD = 2.33), F(1, 41) = 7.28, MSE = 
31.35, p < .01, d = .44. 
The expectation that LCD and HCD tests would induce different levels of state 
anxiety was not supported, because a significant interaction was not observed between 
time of testing (baseline, posttest) and level of cognitive demand (LCD, HCD). The 
findings for time of testing suggested that participants worried less (posttest lower than 
baseline for STICSAcog), but felt more agitated (posttest higher than baseline for 
STICSAsom) as the experiment progressed. 
8.5.8 Mere exposure effect 
The mere exposure effect was obtained for combined data (LCD and HCD test 
groups) because participants preferred studied nonwords (M = 58.14, SD = 14.38) greater 
than chance, one-tailed 1-sample analysis, t(42) = 3.71, p = .0003, d = .57. An analysis
of the mere exposure effect for each group individually revealed that participants in LCD 
(M = 58.93, SD = 15.33) and HCD (M = 57.39, SD = 13.73) test groups both preferred 
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studied nonwords greater than chance, one-tailed 1-sample analyses, t(20) = 2.67, p = 
.007, d = .58, and t(21) = 2.52, p = .0099, d = .54, respectively. No outliers were observed 
for preference scores. 
8.5.9 Mean state anxiety and preference for studied nonwords 
Baseline and posttest state anxiety scores were combined and a mean score was 
computed for each participant for the STAI, STICSAcog, and STICSAsom measures. 
Individual correlations between mean state anxiety scores for each measure and 
preference for studied nonwords were tested using one-tailed significance levels. A 
significant negative correlation was observed between mean STAI (baseline and posttest) 
and preference for studied nonwords, r(41) = -.26, p = .047. This finding suggests that 
greater state anxiety (general type) is associated with a diminished mere exposure effect. 
A significant negative correlation was also observed between baseline STAI and 
preference for studied nonwords, r(41) = -.42, p = .002. All other correlations between 
state anxiety measures and preference for studied nonwords were insignificant, rs < .18.
Figure 8.4 presents a scatterplot of standardized-scores for preference for studied 
nonwords and mean STAI. Standardized-scores were utilized to facilitate a comparison 
with the results reported for trait anxiety that exhibited the same inverse relationship with 
the mere exposure effect. 
8.5.10 Study and test phase RTs and preference 
Median RTv for studied nonwords that were subsequently preferred and not 
preferred at test did not significantly differ t < .8. Median RTm for either studied or 
unstudied nonwords that were preferred and not preferred at test, also, did not 
119
significantly differ, t < .3. 
8.6 Discussion 
The hypothesis that greater state anxiety would be associated with a diminished 
mere exposure effect was supported by the significant correlation between mean state 
anxiety scores (baseline and posttest) on the STAI–state form and preference for studied 
nonwords, but could not be tested by the experimental manipulation of cognitive demand 
because that manipulation did not alter state anxiety. The finding that both trait and state 
anxiety are associated with a diminished mere exposure effect is consistent with the idea 
that trait anxiety reflects the history of episodes of state anxiety (e.g., Horikawa & Yagi,  
2012; Spielberger, 1966; Spielberger et al., 1983).
 In Experiment 7a, the hypothesis that the HCD relative to the LCD test of the 
CWITexp would be more difficult was confirmed. The two measures of task difficulty, 
errors and RTs, were significantly greater for the HCD relative to the LCD test. The 
hypothesis that cognitive-switching tasks presented in a series would progressively 
increase in cognitive demand as measured by task difficulty was only partially supported.
There was a systematic increase in errors as cognitive-switching conditions progressed 
(i.e., C4-C7). However, a significant difference was only obtained when the original 
cognitive-switching condition in the CWIT was compared with the interference condition 
that preceded it (see C3 and C4, Table 8.2). Greater errors were revealed for C4 relative 
to C3 (see Table 8.1 for task descriptions). Although the new cognitive-switching 
conditions for the CWITexp did not significantly differ on errors, they did differ 
significantly and progressively on RTs for most of the sequential comparisons involving 
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cognitive-switching (see C3–C6, Table 8.). Because of the relationship between task 
difficulty and state anxiety (reviewed in Eysenck, 1982; Rossi & Pourtois, 2013; Sieber 
et al., 1977; Spielberger et al., 1983), the results from Experiment 7a suggested that the 
CWITexp would have utility for the purpose of inducing state anxiety. 
 In Experiment 7b, the correlational hypothesis that greater state anxiety would be 
associated with a diminished mere exposure effect was supported. The experimental 
hypothesis that high state anxiety relative to low state anxiety, induced by differences in
cognitive demand, would differentially influence the mere exposure effect could not be
tested because the manipulation of cognitive demand did not affect state anxiety. A compar- 
 ison of overall test performance between the LCD and HCD groups was parallel to that
observed in Experiment 7a. However, when test performance was analyzed by condition, 
differences between the two samples were revealed that may have contributed to the 
ineffective induction of state anxiety by the manipulation of cognitive load. In Experiments 
7a and 7b, participants revealed significantly more errors for C4 (the first cognitive- 
switching condition) than for C3 (the interference condition). However, in Experiment 7b, 
students from MIT and surrounding universities obtained a learning effect, similar to one-
trial learning, between the first and second cognitive-switching tasks (see C4 and C5, 
Figure 8.3a). For C5, participants were asked to reverse the direction of the cognitive
-switching demand practiced in C4. This learning effect (a sharp decrease in errors) 
in the middle of the test, although insignificant (see C4 and C5, Table 8.5), may
have caused a reduction in state anxiety because the perceived difficulty of the test was 
compromised for some participants. In contrast, for the participants in Experiment 7a, 
121
community college students, there was no evidence of a learning effect after cognitive- 
switching was practiced in C4 (see C4 and C5, Figure 8.2a). This analysis suggests
that cognitive demand may be viewed as the interaction between test properties and 
participant characteristics, rather than simply a function of either test properties or 
participant characteristics. These findings also suggest that a stratified design provides a 
stronger estimate of a study's external validity than one based on overall test results. 
Finally, a comparison of the pattern of errors and latencies for the two different samples 
tested in Experiments 7a and 7b (see Figures 8.2 and 8.3) suggests that the slower RTs 
observed as the cognitive-switching conditions progressed did not reflect differences in 
task difficulty but instead were measuring fatigue. Participants in Experiment 7b 
exhibited a dramatic decrease in errors at C5, without a parallel decrease in RTs. The 
pattern of longer latencies across conditions was almost identical to that observed for 
participants in Experiment 7a, whose error rates continued to accelerate across 
cognitive-switching conditions. 
Another explanation for the failure of test difficulty to affect state anxiety can be 
considered in the context of a subsequent report indicating that tasks with higher 
cognitive load require cognitive strategies that reallocate resources toward the task 
demand, thereby reducing state anxiety (Vytal, Cornwell, Arkin, & Grillon, 2012). Based
on this finding, an exemplary methodology was devised to examine the interaction 
between working memory, cognitive load, and state anxiety (Vytal, Cornwell, 
Letkiewica, Arkin, Grillon, 2013). Verbal and spatial working memory tasks were 
presented at three discrete levels that progressed in difficulty as measured by cognitive 
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load (n-back tasks of increasing difficulty; 1, 2, and 3-back). State anxiety was induced 
by threat of shock. Both objective (startle reflex, eye blink) and subjective (STAI–state 
form) methods were used to assess the effectiveness of this anxiety-induction. Test 
performance was compared across unsafe and safe trials on tasks that differed in working 
memory test modality (verbal, visual) and cognitive load (low, medium, high). State 
anxiety impaired verbal working memory for low and medium, but not for high levels of
cognitive load. In contrast, spatial working memory was not affected by either state 
anxiety or cognitive load. These results suggest that a complex relationship exists 
between state anxiety and tasks that measure the executive functions. 
The finding that the mere exposure effect is diminished by both state and trait 
anxiety (Experiment 6) is consistent with the suggestion that the relaxation response, an 
affective experience that is the opposite of anxiety, may drive the effect (Experiment 5). 
Conversely, the major alternative view suggesting that implicit priming reflects 
ease-of-processing due to repetition was not supported in the present study and in the 
prior study, because response times during encoding and retrieval did not vary with 
preference judgments. Finally, from a theoretical perspective, these results suggest that 
there are three forms of implicit priming: perceptual, conceptual, and affective. 
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8. 7 Chapter 8 tables
Table 8.1 Instructions for conditions in the CWITexp, Experiment 7a 
Conditions Instructions 
1 You will see a series of blocks in different ink colors. Your task is to name the ink colors. 
2 You will see a series of words printed in black ink. Your task is to read the words. 
3 You will see a series of words printed in different ink colors. Your task is to name the ink colors. 
4 You will again see a series of words printed in different ink colors. However, this time some of the words will 
be inside a box. When the word is inside a box, your task is to read the word. When the word is not inside a 
box, your task is to name the ink color. 
5 You will again see a series of words printed in different ink colors. Just like before, some of the words will be 
inside a box. What is different in this condition is that your task is just the opposite of what you did before. 
When the word is inside a box, your task is to name the ink color. When the word is not inside a box, your 
task is to read the word. 
6 You will again see a series of words printed in different ink colors. Again, some of the words will be inside a 
box. What is different in this condition is that when the word is inside a box, your task is to name one of the 
two other ink colors not inside the box. So, if the ink color of the word inside a box is blue, you have to 
eliminate the choice of blue and say either green or red. When the word is not inside the box, your task is to 
read the word. 
7 You will again see a series of words printed in different ink colors and some of the words will be inside a box. 
Only this time, when a word is inside a box, name the other ink color, not inside the box or described by the 
word. So, if the ink color of the word inside a box is blue and the word is green, you have to eliminate the 
choice of blue and green, and say red. When the word is not inside a box, your task is to read the word. 
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Table 8.2 Wilcoxon Matched Pair Test between Conditions (C) of the High 
Cognitive Demand (HCD) Test, Experiment 7a  
HCD Test  Negative Ranks   Positive Ranks 
Conditions N MR SR MR SR Z p 
C1, C2 26 1.0 1.0 0.0 0.0 1.00 0.317 
C2, C3 26 2.5 2.5 5.8 52.5 2.57 0.010 
C3, C4 26 4.5 13.5 11.0 176.5 3.29 0.001 
C4, C5 26 8.4 83.5 12.7 126.5 0.81 0.420 
C5, C6 26 13.8 96.5 11.2 179.5 1.27 0.204 
C6, C7 26 10.0 80.0 12.4 173.0 1.51 0.130 
Note. MR = Median Rank, SR = Sum of Ranks, ns indicates p > .05. 
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Table 8.3 Means (M) and Standard Deviations (SD) of Median Reading Response 
Times (RTs) between Conditions (C) of the High Cognitive Demand (HCD) Test, 
Experiment 7a 
HCD Test     RTs 
Conditions N M SD M SD t p 
C1, C2 26 626.0 74.6 552.8 73.1  8.68 ns 
C2, C3 26 552.8 73.1 800.3 133.2 11.16  < 0.0001 
C3, C4 26 800.3 133.2 1032.0 132.7 8.75  < 0.0001 
C4, C5 26 1032.0 132.7 1221.5 231.9 5.61  < 0.0001 
C5, C6 26 1221.5 231.9 1545.1 363.5 5.95  < 0.0001 
C6, C7 26 1545.1 363.5 1488.6 357.6 1.15 ns 
Note. paired one-tailed t tests; ns indicates p > .05. 
Table 8.4 Correlations, Means (M), and Standard 
 Deviations (SD) of State Anxiety Measures,  
 Experiment 7b 
Variable 1 2 3 
1. STAI
2. STICSAcog .45 ** 
3. STICSAsom .41 ** .26 * 
N 43 43 43 
M 33.42 16.93 13.98 
SD  6.93  5.35  2.33 
Note. Two-tailed significance, *p <.05; **p <.01. For 
state anxiety measures, baseline and posttest scores
were combined and averaged (M). Prior to conducting 
Pearson’s Product-Moment Correlations (Pearson’s 
correlations), each of these measures was checked for 
normality and outliers. All distributions met the criteria 
for normality, ps < .001. Pearson’s correlations
revealed positive significant associations between the 
STAI and the cognitive and somatic subscales of the 
STICSA. In addition, the cognitive and somatic 
subscales of the STICSA were positively associated 
with each other. 
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Table 8.5 Wilcoxon Matched Pair Test between Conditions (C) of the High 
Cognitive Demand (HCD) Test, Experiment 7b  
HCD Test Negative Ranks Positive Ranks 
Conditions N MR SR MR SR Z p 
C1, C2 22 1.5 1.5 1.5 1.5 .00 ns 
C2, C3 22 0.0 4.0 0.0 28.0 2.40 0.016 
C3, C4 22 4.0 4.0 7.3 87.0 2.92 0.002 
C4, C5 22 8.1 80.5 9.3 55.5 –.65 ns 
C5, C6 22 10.3 61.5 9.9 128.5 1.36 ns 
C6, C7 22 9.9 129.0 8.4 42.0 1.94 ns 
Note. MR = Median Rank, SR = Sum of Ranks, ns indicates p > .05. 
8.8 Chapter 8 figures 
Figure 8.1 Example of cognitive-switching  
tasks for conditions 4 and 5 of the CWITexp, 
Experiment 7a. 
A 
Condition 4 
green 
B 
Condition 5 
red 
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Figure 8.2 Comparison of sum of errors and median reading response times (RTs)/100 
across conditions (C) 1–7 of the CWITexp, Experiment 7a.  
A B 
Note. Errors and reading response times were the measures used to evaluate difficuty 
level across  conditions. To facilitate comparing the data presented in (a)  and (b), the 
sum of median reading response times is displayed; to adjust for size, the sum was 
divided by 100 (b).
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Figure 8.3. Comparison of sum of errors and median reading response times (RTs)/100 
across conditions (C) 1–7 of the CWITexp, Experiment 7b. 
A B 
Note. Errors and reading response times were the measures used to evaluate difficulty 
level across conditions. To facilitate comparing the data presented in (a) and (b), the 
sum of median reading response times is displayed; to adjust for size, the sum was 
divided by 100 (b).
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Figure 8.4 Scatterplot of standardized-scores for correlation between 
the State–Trait Anxiety Inventory (STAI–state form) with preference 
for studied nonwords, Experiment 7b.  
Note. Raw scores were converted to z scores and a simple linear  
regression was conducted predicting preference for studied nonwords  
from mean score on the STAI. Ms (baseline and posttest) and SDs for raw 
data, from which the standardized-scores were derived, were computed
for preferred studied nonwords (N = 43, M = 13.95, SD = 3.45) and the 
STAI–state form (N = 43, M = 33.35, SD = 6.75). The STAI–state form 
was a significant negative predictor indicating that higher state anxiety 
was associated with lower preference scores for studied nonwords. 
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CHAPTER 9: Integrated Discussion 
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9.1 Results across experiments: Evidence for a mechanism 
These experiments indicate that the mere exposure effect is neither conceptually 
nor perceptually driven, but may reflect a form of implicit priming that is mediated by 
affective processing. The finding that vasodilatation at encoding has predictive value for 
the mere exposure effect suggests that an affective process that is PNS–dominant may 
drive the effect (e.g., the relaxation response; Benson, 1975, 1983; Benson et al., 1975). 
PNS and SNS activation are antagonistic (Cacioppo et al., 2007). Consistent with these 
cardiovascular findings, individual differences in affective processing that is SNS–
dominant (e.g., trait and state anxiety) diminishes the mere exposure effect. Together,
the findings from these experiments suggest that affective processes associated with 
9.2 Cardiovascular findings 
The cardiovascular findings presented here are most aligned with the proposal 
that the first encounter with a novel stimulus elicits an OR, an explanation considered 
but abandoned in favor of a DR (Zajonc, 1968, 1998, 2001). Whether the novel stimulus 
first encountered evokes an OR or a DR has implications for what happens when the stim-  
ulus appears again. The increased HR that accompanies a DR does not readily habituate 
(Chalmers & Levine, 1974; Sokolov, 1963). Increased HR has been associated with worry-  
ing (Hofmann et al., 2005), a psychological response that is inconsistent with the affective 
judgments at retrieval that characterize the mere exposure effect. In contrast, the 
decreased HR associated with the OR readily habituates (Cacioppo et al., 2007) and has
relaxation and anxiety may be the primary mechanism for the mere exposure effect (see 
Appendices; A-3, A-4, and A-5).
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been associated with stimulus enhancement (reviewed in Graham & Clifton, 1966). HR  
below baseline levels suggests the relaxation response (Benson, 1975, 1983; Benson et
al., 1975) and mild positive affect (Steptoe et al., 2005). This cardiovascular and 
emotional combination is consistent with affective preference judgments at retrieval.
Furthermore, unlike fear, attention has been reported to be an absolute 
requirement for any form of memory (Mulligan, 1998). There is some evidence that the 
absolute level of attention may be more critical for the mere exposure effect than for 
other forms of implicit priming. Lower implicit priming after color naming than after 
reading was observed for word identification implicit priming and word fragment 
completion tests, while implicit priming for the mere exposure effect was eradicated 
(Stone, Ladd, & Gabrieli, 2000).
9.3 Conscious versus nonconscious affective preference formation 
There is some evidence that different mechanisms may underlie conscious and 
nonconscious affective preference formation for novel and familiar stimuli. A reversed 
pattern of test performance is revealed when affective preference formation is examined 
based on protocols that either encourage or discourage conscious awareness of the 
relationship between study and test items. Employing a conscious affective preference 
procedure, inappropriately described as an investigation of the mere exposure effect, trait 
anxiety enhanced humor ratings of familiar cartoon characters (Schick et al., 1972), a
finding that is the opposite of the results reported here (Experiment 6). Similarly, studies 
examining the influence of study–test shifts in perceptual variables for conscious 
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affective preference judgments, inappropriately described as investigations of the mere 
exposure effect, also reveal findings that are the reverse of those reported here (see sections
3.3 and 4.3, Experiments 2 and 3, respectively). The recently proposed motor simulation 
mechanism is a case in point. The experiments that form the basis for the proposed motor 
simulation mechanism have not used a prototypical protocol for the mere exposure effect
(see section 1.7, Introduction). Likeability and preference judgments given at study and 
test, respectively, connect encoding to retrieval (e.g., Topolinski and Strack, 2009, 
Experiments 1-3, all groups except one; Topolinski & Strack, 2010, Experiment 3). 
Informing participants that the stimulus will be repeated also links encoding to retrieval 
(e.g., Topolinski and Strack, 2009, Experiments 1-3). Substituting confidence ratings and 
RT data for preference judgments in a protocol with similar components to the mere 
exposure effect does not examine the effect itself (e.g., Topolinski, 2012, Experiment 6 
and 7A). From this perspective, the recently proposed motor simulation mechanism 
(Topolinski, 2012) is most likely a valid explanation for conscious affective preference
judgments rather than the nonconscious mere exposure effect.
9.4 Analysis of processing fluency effects 
Fluency effects cannot be used to explain the cardiovascular findings reported in 
Experiment 5. Food additives with easy-to-read names have been judged as less harmful 
than additives with hard-to-read names (Topolinski & Strack, 2010, Experiment 3). This 
suggests that those individual nonwords that were easier to pronounce may have elicited 
the increased BVP change during study that later predicted affective preference judgments
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at test. The RT data does not support this speculation: stimulus-specific RTs during
study for preferred nonwords during test, relative to those not preferred, did not 
differ (see Table 6.3). Yet it is still possible that preferred nonwords could have been 
processed easier than those not preferred at test. This alternative retrieval-based 
hypothesis cannot be directly tested for Experiments 1-3 and 5: RTs were only collected 
during study. However, further indirect examination can be accomplished by comparing 
processing time for different encoding conditions to test performance in Experiments 1 - 
3. For LOP (Experiment 1), contrary to the typical finding for simply reading nonwords
and words (e.g., Taroyan & Nicolson, 2009), RTs for nonwords (recognition, mere 
exposure effect) were faster relative to words (word identification implicit priming). Yet 
these differences in processing fluency as measured by RTs (see Table 2.3) did not 
predict test performance (see Figure 2.1). For study–test changes in physical features
(Experiments 2 and 3, respectively), RTs for nonwords were slower relative to words
(see Tables 3.3 and 4.3). Yet again, these differences in processing fluency did not predict
test performance (see Figures 3.1 and 4.2).
For Experiments 6 and 7b, RTs were examined during both study and test for the 
mere exposure effect. No significant difference was observed between RTs (reading 
response times) for studied nonwords that were subsequently preferred or not preferred at 
test. No significant difference was also observed between RTs (manual response times) 
for studied or unstudied nonwords that were preferred and not preferred at test. Based on 
these empirical findings, it is unlikely that either an encoding or a retrieval-based fluency 
induction can explain the behavioral or cardiovascular findings reported here. 
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9.5 Future research 
Future behavioral neuroscience research that aims to assess the extent to which 
increased BVP during encoding underlies affective preference during retrieval could 
examine patient groups known to have an impaired mere exposure effect. Increased BVP 
change during the encoding stage of the mere exposure effect should not be observed for 
patients with severe depression relative to typical groups. Severely depressed patients 
showed a suppressed mere exposure effect, with intact recognition (Quoniam et al., 
2003). Increased BVP change during the encoding stage of the mere exposure effect 
should also not be observed for patients with frontal lobe lesions (late traumatic brain 
injury > 28 years), the only other group reported to have deficits in the mere exposure 
effect (Barker, Andrade, Morton, Romanowski, & Bowles, 2010). This reduction in the 
mere exposure effect for patients with lesions in the frontal lobe is consistent with the 
neuroimaging findings on typical participants that showed right lateral frontal activation 
during affective preference judgments for Chinese characters (Elliott & Dolan, 1998). 
The cardiovascular data reported in Experiment 5 suggests that the vagus nerve 
may play an important role in mediating affective implicit priming as measured by the 
mere exposure effect. This is because HR deceleration is mediated by the PNS through 
the vagus nerve (cranial nerve X), a peripheral route thought to modulate central nervous 
system function (Rutecki, 1990). The origin of the vagus nerve is the postolivary sulcus 
of the medulla (Binder, Sonne, & Fischbein, 2010). Subcortical structures within the 
brain stem may play an important role in mediating affective implicit priming. 
Future behavioral neuroscience research investigating whether affective implicit 
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priming as measured by the mere exposure effect is mediated by distinct brain systems 
should consider testing patients with anxiety disorders and PTSD. The findings in this
dissertation, namely the relation of the mere exposure effect to trait and state anxiety and 
to cardiovascular psychophysiology, support the hypothesis that both groups would have
a diminished mere exposure effect relative to typical participants. In this regard, future 
investigations should also consider whether affective implicit priming is mediated by 
subcortical pathways through the amygdala that have been shown to underlie 
nonconscious emotional responses to previously neutral stimuli (Eichenbaum, 2010). 
9.6 General conclusion 
Based on the combined findings from Experiments 1-7, the mere exposure effect 
may represent a different form of implicit priming that relies on emotional mechanisms 
that are independent of cognitive evaluation (Kunst-Wilson & Zajonc, 1980; Zajonc, 
1968, 1980, 2001). These findings encourage the development of new methodologies 
designed to further examine the possibility that there are three forms of implicit priming: 
conceptual, perceptual, and affective. Within this broader framework, normal levels of 
positive affective implicit priming may be the mechanism that allows “an organism to
distinguish between safe and unsafe objects and habitats, forming the primitive basis for 
social attachments, social organization and cohesion—the basic sources of psychological 
and social stability” (Zajonc, 2001, pp. 227-228). 
APPENDICES 
A-1.   Example of an individual heart rate chart for Experiments 4 and 5. 
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Note. Sensor deflections indicate the end of Experiment 4 and the beginning of Experiment 5.
A-2. Example of an individual blood volume pulse chart for Experiments 4 and 5.
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Note. Sensor deflections indicate the end of Experiment 4 and the beginning of Experiment 5.
. 
A-3. Conceptual Influences – Study phase level of conceptual processing increases   
recognition but has no influence on the mere exposure effect or perceptual priming, Experiment 1.
Mere Exposure Effect
n.s.
Mere Exposure Effect Recognition Perceptual Priming 
 n.s.  n.s. 
  A B C 
Note. unpaired t tests (A) ****p < .0001, (B) p = .550, and (C) p = .641
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A-4. Perceptual Influences – Study–test change in perceptual processing of font 
and orientation reduces perceptual priming but has no influences on the mere 
exposure effect, Experiments 2 and 3. 
Study-Test Change in Font 
         A B 
Note. unpaired t tests (A) *p < .05 and (B) p = .832
Study-Test Change in Orientation 
         C D 
Note. unpaired t tests (C) *p < .05 and (D) p = .906 
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A-5. Affective Influences – Greater affective preference ratings and BVP change 
scores for monitor relative to static stimulus conditions, Experiment 4, supports the  
development of a cardiovascular psychophysiological implicit priming paradigm 
that reveals stimulus-specific vasodilatation during encoding for the mere exposure 
effect but not for perceptual priming, Experiment 5.  
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  identification priming for ignored and attended words. Consciousness and 
Cognition, 7, 238-258.  
1993 Ladd, S. L., Sommers, S., LaBerge, S., & Toscano, W. B. Effect of  
phosphatidylcholine on explicit memory. Clinical Neuropharmacology, 
16, 540-549.   
1990 Ladd, S. L. & Thomas, S. Cholinergic mechanisms and memory:   
Narrowing the therapeutic window. The Clinical Neuropsychologist, 4, 
311. 
1970 Ladd, S. L. Effect of perceptual defense and vigilance on short-term  
memory. Masters Thesis (requirement for Masters of Science degree). 
INVITED SCIENTIFIC POSTERS 
Massachusetts Neuropsychological Society 
2006 Ladd, S. L., Vaidya, C. J. & Gabrieli, J. D. E. Behavioral and physiolo-  
  gical evidence for affective priming. Poster session presentation at the 
Massachusetts Neuropsychological Society Conference, Boston, 
Massachusetts, June 6.   
Psychonomics Society 
1996  Stone, M., Ladd, S. L., Vaidya, C. J. & Gabrieli, J. D. The role of selective 
attention in perceptual and affective priming. Poster session presentation    
at the Psychonomics Society Convention, Chicago, October 4.   
INVITED SCIENTIFIC PRESENTATIONS 
American Psychological Association 
1990 Ladd, S. L. & Thomas S. Phosphatidylcholine enhances memory in slow 
learners. Paper presentation at the Clinical Neuropsychology Division of 
the American Psychological Association, 98th Annual Convention,    
Boston, Massachusetts, August 14th.     
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SCIENTIFIC CITATIONS - CITED REFERENCES FOR PUBLICATION IN 
CLINICAL NEUROPHARMACOLOGY – LADD ET AL., 1993 
 
2013   Scholey, A. B., Camfield, D. A., Hughes, M. E., Woods, W., Stough, C.  
  K., White, D. J., ... & Frederiksen, P. D. (2013). A randomized controlled  
  trial investigating the neurocognitive effects of Lacprodan (R) PL-20, a  
  phospholipid-rich milk protein concentrate, in elderly participants with  
  age-associated memory impairment: the Phospholipid Intervention for  
  Cognitive Aging Reversal (PLICAR): study protocol for a randomized  
  controlled trial. Trials, 14(1), 404.    
 
2012	  	   	   Küllenberg, D., Taylor, L. A., Schneider, M. & Massing, U. Health effects  
  of dietary phospholipids. Lipids in Health and Disease, 11, 3.    
 
2012	  	   	   Smith, K. L. Composition for improving mental performance. U.S. Patent  
  No. 8,  329, 227. Washington, DC: U.S. Patent and Trademark Office. 
 
2011	  	   	   Ueland, P. M. Choline and betaine in health and disease. Journal of  
  Inherited Metabolic Disease, 34(1), 3-15. 
 
2010	  	   	   Wurtman, R. J., Cansev, M., & Ulus, I. H. Choline and its products  
  acetylcholine and phosphatidylcholine. In Handbook of neurochemistry  
  and molecular  neurobiology (pp. 443-501). Springer US. 
 
2007	  	   	   Phosphatidylcholine. Integrative Medicine. Monograph.    
  www.naturalstandard.com 
 
2006	  	   	   Kraus, G. A. Phytochemicals, dyes, and pigments in the biorefinery  
  context. Biorefineries-Industrial Processes and Products: Status Quo and  
  Future  Directions, 315-324. 
 
2005	  	   	   Deuster, P. A., & Cooper, J. A. Choline. Sports Nutrition: Vitamins and  
  Trace Elements, 139. 
 
2004	  	   	   Benton, D., & Donohoe, R. T. The influence on cognition of the   
  interactions between lecithin, carnitine and carbohydrate.    
  Psychopharmacology, 175(1), 84-91. 
 
2003	  	   	   Montpied, P., Batxelli, 1., Andre, M., Portugal, H., Lairon, D., Bockaert,  
  J., & Chanussot, F. Effects of cyclosporine-A on brain lipids and   
  apolipoprotein E,  J gene expression in rats. Neuroreport, 14(4), 573-576. 
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SCIENTIFIC CITATIONS - CITED REFERENCES FOR PUBLICATION IN 
CLINICAL NEUROPHARMACOLOGY – LADD ET AL., 1993 continued 
2002 Shahidi, F. Phytochemicals in oilseeds. Phytochemicals in Nutrition and 
Health, 139. 
2001 Kopf, S. R., Buchholzer, M. L., Hilgert, M., Loffelholz, & K. Klein, J.   
Glucose plus choline improve passive avoidance behaviour and increase 
hippocampal acetylcholine release in mice. Neuroscience, 103(2), 365- 
371. 
2001 Spiers, P. A., Myers, D., Hochanadel, G. S., Lieberman, H. R., Wurtman, 
R. J. Citicoline improves verbal memory in aging. Archives of  
Neurology, 53(5), 441-448. 
2001 Buchman, A. L., Sobel, M., Brown, M., Jenden, D. J., Ahn, D., Roch, M., 
& Brawley, T. L. Verbal and visual memory improve after choline    
supplementation in long-term total parenteral nutrition: A pilot study.  
Journal of Parenteral and Enteral Nutrition, 25(1), 30-35. 
1999 Florio, T., Bajetto, A., Thellung, S., Arena, S., Corsara, A., Bonavia, R., 
Schettini, G. Prolonged treatment with alpha-glycerylphosphoryl  
-ethanolamine facilitates the acquisition of an active avoidance behavior 
and selectively increases neuronal signal transduction in rats. Aging- 
Clinical and Experimental Research, 11(5), 335-342. 
1998 Geiger, O. Phospholipids and alternative membrane lipids. In the 
rhizobiaceae (pp. 55-80). Springer Netherlands. 
1996 Young, S. N., Behavioral effects of dietary neurotransmitter precursors: 
Basic and clinical aspects. Neuroscience and Biobehavioral Reviews,  
20(2), 313-323. 
1996 Riedel, W. J. and Jolles, J. Cognition enhancers in age-related cognitive 
decline. Drugs and Aging, 8(4), 245-274. 
INVITED EDUCATIONAL PRESENTATIONS 
American Psychological Association Conventions 
2004 Ladd, S. L. & Hailstorks, R. Diversity project 2000 and beyond: A    
philosophical  descendent of the Brown v. Board of Education decision. 
Paper presentation with Psi Chi and Psi Beta. American Psychological  
Association Convention, Honolulu, Hawaii, August 1st. 
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INVITED EDUCATIONAL PRESENTATIONS continued 
American Psychological Association Conventions 
1998 Ladd, S. L. Nurturing the development of diverse ethnic psychologists: A 
diversity project 2000 perspective. Panel presentation for the Psi Beta    
Symposium: Diversifying Psychology's Educational Pipeline – Diversity   
Project 2000. American Psychological Association Convention, San    
Francisco, California, August 14th. 
1994 Ladd, S. L. Computers in experimental psychology: Training the two-year  
student for the future. Panel presentation for the Psi Beta/ Teaching of    
Psychology Division Symposium on Contemporary Issues in the Teaching  
of Psychology at Community Colleges, American Psychological   
Association Convention, San Francisco, California, August 15th. 
1994 Ladd, S. L. Innovative teaching methods. Paper presentation for Psi Beta 
Workshop, American Psychological Association Convention, San   
Francisco, California, August 12th. 
1992 Ladd, S. L., Chair, Innovative teaching methods at the community college. 
Paper presentation for Psi Beta Workshop, American Psychological  
Association, Centennial Convention, Washington, D. C., August 14th. 
1992 Ladd, S. L., Diversity Project 2000 Grant Proposal. Presentation to APA 
and NIMH representatives, Georgetown University, American  
Psychological  Association, Centennial Convention, Washington, D. C.,  
August 14th. 
1992 Ladd, S. L., & Cousin, R., Co-chairs for the Ruth Hubbard Cousins  
Distinguished  Lecture: Neal E. Miller, Yale University: Psychobiography 
of a scientist. American Psychological Association, Centennial  
Convention, Washington, D. C., August 14th. 
1992 Ladd, S. L. & Dutch, S. E., Co-chairs for Psi Chi and Psi Beta joint  
national council symposium on the educational pipeline. American  
Psychological  Association, Centennial Convention, Washington, D. C., 
August 14th. 
1992 Ladd, S. L., Chair, Psi Beta chapters and national council information  
exchange and awards presentation. American Psychological Association, 
Centennial Convention, Washington, D. C., August 14th. 
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INVITED EDUCATIONAL PRESENTATIONS continued 
American Psychological Association Conventions 
1991 Ladd, S. L. The tenth anniversary history of Psi Beta: Past, present, future. 
Panel presentation for Psi Beta Symposium, American Psychological    
Association, 99th Annual Convention, San Francisco, California, August  
16th. 
1990 Ladd, S. L. Future directions for Psi Beta and other two-year college  
honor societies. Panel presentation for Psi Beta Symposium on Innovative 
Teaching of Psychology in Two-Year Colleges, American Psychological  
Association, 98th Annual Convention, Boston, Massachusetts, August  
10th. 
1989 Ladd, S. L. Computerized psychophysiology laboratory. Panel  
presentation for Psi Beta Symposium on Innovative Teaching of   
Psychology in Two-Year Colleges, American Psychological Association 
97th Annual Convention, New Orleans, Louisiana, August 11th.    
1977 Ladd, S. L. How to begin, finish, and publish. Chair for panel presentation 
for Symposium for Undergraduate Research, American Psychological  
Association, 85th Annual Convention, San Francisco, California, August  
27th. 
1976 Ladd, S. L. How to begin, finish, and publish. Panel presentation for  
Symposium for Undergraduate Research, American Psychological   
Association, 84th Annual Convention, Washington, D. C., September 5th. 
Association of American Colleges Convention 
1993 Ladd, S. L., Core programs as learning communities. Panel presentation  
with Paul Seaver, Stanford University, Culture and Values Program; Paul 
Zingg, St. Mary's College, Core Programs; Cynthia Margolin, California  
State University, San Jose—Two-Tiered Distributive Program.  
Association of American Colleges, San Jose, California, March 19th. 
Western Psychological Association Conventions 
1992 Ladd, S. L., Chair, Psi Beta chapter information exchange. Western    
Psychological Association, 72nd Annual Convention, Portland, Oregon, 
May 1. 
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INVITED EDUCATIONAL PRESENTATIONS continued 
 
Western Psychological Association Conventions 
 
1991	  	   	   Ladd, S. L. Innovation and teaching of psychology. Panel presentation for  
  Western Psychology Association, 71st Annual Convention, San Francisco,  
  California, April 27th. 
 
1991	  	   	   Ladd, S. L., The last lecture by award winning psychologists. Panel  
  presentation with Christina Maslach, University of California, Berkeley;  
  Gerdenio Manuel, Santa Clara University; Carrie Margolin, Evergreen  
  State College. The 71st Annual Convention of the Western Psychological  
  Association, San Francisco, California, April 25th. 
 
American Psychological Society Convention 
 
1992	  	   	   Ladd, S. L., Chair, Psi Beta chapters and national council information    
  exchange. American Psychological Society, San Diego, California, June  
  21. 
 
University of California, Los Angeles 
 
1991	  	   	   Ladd, S. L. West Valley College honors program. Presentation to the    
  Transfer Alliance Program Coordinators at University of California, Los  
  Angeles, April 2. 
 
EDUCATIONAL PUBLICATIONS AND PRODUCTIONS 
 
2014	  	   	   Ladd, S. L, Hailstorks, R., Figueroa-Garcia, A., & Holiday, B. A model  
  leadership and mentoring program designed to increase diversity in any  
  discipline, in preparation for publication by the American Psychological               
  Association. 
 
1992	  	   	   Ladd, S. L. The President's Message: Psi Beta and Bright Ideas. Psi Beta  
  Newsletter, Spring, 12(2), 1-6. 
 
1991	  	   	   Ladd, S. L. The President's Message: Psi Beta: The Big Picture. Psi Beta  
  Newsletter, Fall, 11(3), 1-8. 
 
1991	  	   	   Ladd, S. L. The President's Message: Psi Beta and the Promise of   
  Diversity. Psi  Beta Newsletter, Winter, 12(1), 1-6. 
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EDUCATIONAL PUBLICATIONS AND PRODUCTIONS continued 
1991- 1989 Ladd, S. L. If It's Impossible, Do It. A play commissioned by the Oregon 
Museum 1989 of Science and Industry (OMSI) to encourage ethnic  
minority women to consider a career in science. Approximately 3,000  
high school students attended the play during its two years in  
production at OMSI. 
1991 Ladd, S. L. If It's Impossible, Do It. Television version produced by OMSI 
for educational television in Portland, Oregon. 
1990 Ladd, S. L. West Valley College Honors Program. Network, the  
Newsletter for Psychology Teachers at Two-Year Colleges, published by 
the American Psychological Association, Winter, VIII(2), 1-16. 
1977 - 1973 Ladd, S., & Hughmanick, M. (Eds.) Journal of Undergraduate 
Psychological Research (JUPR). Developed and served as editor for 
JUPR, which received recognition from the following organizations: 
• Acceptance by the American Psychological Association to include
abstracts from JUPR in the Psychological Abstracts. 
• Inclusion of JUPR in the National Calendar of Undergraduate
Psychology Conferences, sponsored by the American Psychological
Association.
• Affiliation with the National Honor Society in Psychology.
• Reproductions of editions made available through Research in
Education.
• Affiliation with Santa Clara University Western Psychology
Conference for Undergraduate Research and Ithica College Conference
for Undergraduate Research.
EDUCATIONAL CITATIONS 
Book Published by American Psychological Association 
1992 Puente, A. E., Matthews, J. Brewer, C. L. (Eds.) Teaching psychology in 
America: A history. Washington, D. C.: American Psychological 
Association. 
Monitor Published by American Psychological Association 
2001 O’Connor, E. Psychologys' diversity leaps beyond ‘2000.’ Monitor on  
Psychology, A Publication of the American Psychological Association, 
32(4), October 10. 
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EDUCATIONAL CITATIONS continued 
Monitor Published by American Psychological Association 
1994 McCarthy, K. Psychology students enjoy convention with mentors.   
Monitor on Psychology, A Publication of the American Psychological 
Association, 27(10), October 5. 
Professional Educational Journal 
1990 The 1990 teaching award winners. Teaching of Psychology, 17(3). 
Professional Newsletters and Handbooks 
1995 Tracy, C. Diversity Project 2000 students selected. Psi Beta Newsletter, 
16(1). 
1994 Tracy, C. Diversity Project 2000 Summer Institute makes debut at APA. 
Psi Beta Newsletter, Fall, 14(3). 
1992 Tracy, C. Psi Beta programs at APA centennial convention enormous 
success. Psi Beta Newsletter, Fall, 12(3). 
1990 Robinson, A. President’s message. Psi Beta Newsletter, 10(3). 
1989 Tracy, C. Activities of sponsors. Psi Beta Newsletter, 9(1). 
1989 Mellander, G. (1989), New WVC program takes honors. Discovery, 
November 3. 
Local Newspapers 
2000 Psi Beta induction. Norseman, April 20. 
1994 Suranofsky, A. Ladd is to memory as Campbell's is to soup: Psi Beta 
adviser has study on memory published. Norseman, February 27. 
1993 Bryant, D. WVC instructor named historian of national honor society in 
psychology. Los Gatos Weekly Times, September 29. 
1990 Cronk, M. West Valley: A college in process of transformation. San Jose 
Mercury News, April 11. 
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EDUCATIONAL CITATIONS continued 
1990 West Valley Notes. Psych instructor wins award. Norseman, June 7. 
1989 Bingham, K. Research yields WVC student Psi-Beta award: Study looked 
at effects of controlled breathing. Norseman, May 10. 
1989 Tyler, B. Honors program in chrysalis state: Ladd hopes to give special 
emphasis to top students. Norseman, March 16. 
1989 Kregel, M. Psychology conference: West Valley students present research. 
Norseman, May 11. 
1988 Allen, P. WVC students win Research Award. Cambrian News, April 6. 
1988 Junger, V. Psi Chi and Psi Beta give out awards. Norseman, April 10. 
1988 Kregel, M. Psychology student writes winning paper. Norseman, April 30. 
1987 Sidlow, J. Psych students to present papers. Norseman, February 4. 
1987 Allen, P.   Students present papers. Saratoga News, June 24. 
1987 Pisciotta, D. Psychology student wins Psi Beta award for best research 
paper. Norseman Feature, October 21. 
1979 Langley, J. Space sickness topic of study. San Jose Mercury News, June 5. 
1977 Skidmore, A. Experimenters 'Go Ape.’ Norseman, December 7. 
PROFESSIONAL EXPERIENCE AND EMPLOYMENT 
Pres - 1999  Psi Beta, National Honor Society in Psychology for Community College 
President’s Circles, Psi Beta. 
1994 - 1993  National Historian, Psi Beta. 
1993 - 1992  National Past President, Psi Beta. 
1992 - 1991  National President, Psi Beta. 
1990 - 1989  National President-Elect, Psi Beta. 
1989 - 1987  National Vice President, Psi Beta. 
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PROFESSIONAL EXPERIENCE AND EMPLOYMENT continued 
Chair, Psychology Department 
1995 - 1993  Chair, Psychology Department, West Valley College. 
1989 - 1987  Chair, Psychology Department, West Valley College. 
1984 - 1982  Chair, Psychology Department, West Valley College. 
Full-Time Faculty, Psychology Department 
2009 - 1971  Full-Time Certificated Employee in the Psychology Department, 
West Valley College, Saratoga, California. 
Founder, Director, and Co-Director – Diversity Project 2000 and Beyond (DP2kB) 
2009 - 1991  The first program supported by the American Psychological Association 
that aimed to increase diversity in the field of psychology. 
Purpose of DP2kB 
• Increase the number of undergraduate ethnic minority honor students
majoring in psychology through mentoring and leadership activities at
the local, regional, and national level.
• Increase the rate of transfer of ethnic minority community college
students into four-year institutions, graduate  schools, and the health
services.
Funding for Sandra Ladd as Director and Co-Director of DP2kB 
• Independent contractor, American Psychological Association (APA).
Funding for Program 
DP2kB was a Cooperative Effort of the following organizations: 
• American Psychological Association (APA).
• Center for Mental Health Services (CMHS).
• National Institutes of Health (NIH).
• American Association of Community Colleges (AACC).
• Minority Fellowship Program (MFP).
• National Honor Society in Psychology for Community Colleges
(PSI BETA).
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PROFESSIONAL EXPERIENCE AND EMPLOYMENT continued 
Founder, Coordinator, Honors University Transfer Program (HUTP) – 
West Valley College  
1991 - 1989 First Northern California community college honors program accepted 
into the UCLA Transfer Alliance, which provides honors' program 
graduates with priority admission consideration into impacted programs in 
the College of Letters and Science. Additional alliances were established 
with USC, UCSC, and Pepperdine University. 
Purpose of HUTP 
The West Valley College Honors University Transfer Program (HUTP)  
was established to encourage the creative and intellectual development of 
high ability students at the community college level. The program offers 
an alternative curriculum model that insures course enrichment and fosters 
an environment of academic excellence and advanced critical thinking. 
HUTP is the best example of exceptional training and vision that West 
Valley College offers (Honors Program Brochure, 1990). 
Responsibilities of HUTP Founding Coordinator 
• Development and initial implementation of innovative curriculum
model;
• Coordinated teaching in teams;
• Chaired faculty committee for the honors program;
• Wrote university alliance proposals for UC and CSU;
• Articulated honors courses with UC and CSU;
• Staffed and scheduled clustered honors sections;
• Supervised curriculum development;
• Coordinated faculty evaluation procedures;
• Submitted program evaluation reports;
• Evaluated student records at all stages of the program;
• Developed program policies/procedures;
• Prepared annual budget.
Coordinator, Cognitive Neuroscience and Behavior Laboratory (CNB Lab) 
2004 - 1971 Responsibilities of CNB Lab Coordinator 
• Responsible for development and implementation of a computerized
psychophysiology laboratory that introduced students to the theory and
application of the scientific method in the area of psychophysiology.
• This pioneering Experimental Psychology Laboratory at the community
college level served as a model for other community colleges in CA.
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PROFESSIONAL EXPERIENCE AND EMPLOYMENT continued 
1968 - 1965 Work-Study Student, Veterans Administration Hospital, Menlo Park, CA. 
SCIENCE EDUCATION AND STUDENT DEVELOPMENT 
National Award Winning Student Research 
First Place - Psi Beta/Ruth Cousins Research Award 
1989 Ryder, B. & Scoble, M. Effect of alternate nostril and deep breathing on 
psychophysiological responses. Research paper that won the National Psi 
Beta/Ruth Cousins Research Paper Competition.   
Faculty sponsor: Sandra Ladd. 
1988 Roy, J. C. Gender and age influence bystander intervention in a medical 
emergency. Research paper that won the National Psi Beta/Ruth Cousins 
Research Paper Competition. Faculty sponsor: Sandra Ladd. 
1987 Ahlquist, C. Gaze response as affected by abstract and interpersonal 
topics. Research paper that won the National Psi Beta/Ruth Cousins   
Research Paper Competition. Faculty sponsor: Sandra Ladd. 
Regional Award Winning Student Research  
First Annual Santa Clara University Undergraduate Research Award 
1988 Harczo, C. J. & Turner, L. C. Altruism improves learning performance in 
children. Research paper that won one of the four Santa Clara University 
Undergraduate Research Awards. Faculty sponsor: Sandra Ladd. 
Regional Student Recognition for Research - Student Presentations Western 
Psychological Association Conference for Undergraduate Research 
1991 Liegmann, L. & Riesenhuber, L. Effect of controlled airflow on tactile 
identification of rotated letters by handedness.   
Faculty sponsor: Sandra Ladd. 
1989 Gentes, M. & Hackey, T. A correlational study between sensation seeking, 
drug use, drug attitudes, and drug knowledge. Faculty sponsor: Sandra 
Ladd. 
1989 Sandecki, A. & Tonei, L. Modeling increases creative tasks in children. 
Faculty sponsor: Sandra Ladd. 
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SCIENCE EDUCATION AND STUDENT DEVELOPMENT continued 
1989 Bailey, M. & Bowden, K. Visual preference of color, shape, and style as a  
function of cerebral dominance. Faculty sponsor: Sandra Ladd. 
Student Posters  
Western Psychological Association Conference for Undergraduate Research 
1991 Ward, D. & Young, K. Humor following tragedy improves 
psychophysiological recovery. Faculty sponsor: Sandra Ladd. 
1991 Lodge, C. Emotional ratings and psychophysiological responses. Faculty 
sponsor: Sandra Ladd. 
1988 Allen, J. & Efrem, E. Effect of heavy metal and relaxation videos on 
psychophysiology. Faculty sponsor: Sandra Ladd. 
1988 Green, H. & Crowley, L. Male and female evaluations of aggressive 
behavior. Faculty sponsor: Sandra Ladd. 
1988 Ahlquist, C. Gaze response as influenced by abstract and interpersonal 
topics. Faculty sponsor: Sandra Ladd. 
1987 Steffen, L. & Hasson, J. Autonomic responses in relationship to marital 
satisfaction. Faculty sponsor: Sandra Ladd. 
1982 Hodges, R. J. Violations of personal space in adolescent males.  Faculty 
sponsor: Sandra Ladd. 
1981 Jensen, J. & Steiner, J. Effect of pre and early postnatal protein deficiency  
and enrichment on learning performance of rats.   
Faculty sponsor: Sandra Ladd. 
1980 Bennett, B. & Torres, J. Group desensitization reduces anxiety for female 
re-entry students. Faculty sponsor: Sandra Ladd. 
1978 D'Ambrosio, J. Gender and ethnicity influences violations of gender-typed 
activities. Faculty sponsor: Sandra Ladd. 
1974 Ferron, D. & Huboi, C. Effect of dextroamphetamine on the mating 
behavior of rats. Faculty sponsor: Sandra Ladd. 
174	  
INTER-INSTITUTIONAL ACTIVITIES 
National Educational Committees 
1993 - 1992   Judge for the First Annual HarperCollins Psychology Scholarships. 
1993 - 1991   Chair, Division II Subcommittee for Teaching Awards Program, 
American Psychological Association (APA). 
Regional Educational Committees 
2009 - 2006   California Faculty Representative for Psychology, Faculty Discipline 
Review Groups for Course Identification Number System Project (C-ID), 
Academic Senate for California Community Colleges. 
2003 - 2002 Participant, Intersegmental Major Preparation Articulated Curriculum 
Project (IMPAC). 
Local Educational Committees 
1989 - 1988  Undergraduate Curriculum Committee, Psychology Department, 
California State University, San Jose; development of Major-to-Major 
Agreement between California State University, San Jose, and West 
Valley College as well as other local community colleges. 
